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The most complicated 
))  §tainless steel vessel 


4 ever made 


{i 





THE DOUNREAY REACTOR VESSEL 


This complex 45-ton stainless steei vessel with 
eccentric rotating top shields will contain the core, 
( breeder blanket, control rod operating mechanisms, 
+ recording instruments and the liquid-metal which is 
circulated to the primary heatexchangers. Every welded 
) a joint was radiographed, requiring 3750 negatives. The 
] whole unit is manufactured to very fine tolerances— 
0°1% circularity, 0°03°% alignment and almost perfect 
concentricity. 


= JOHN THOMPSON AT DOUNREAY 


In addition to the reactor vessel, John Thompson are 
U ) } manufacturing and installing the stainless steel liquid-metal 

circuits, primary and secondary liquid-metal heat exchange 
systems and complete steam and water equipment with 
= boilers, associated instrumentation and water treatment 
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plant. Methods of fabrication were developed in close 
J / collaboration with U.K. Atomic Energy Authority (Industrial 
Group). This follows work executed by John Thompson 
since the earliest days of experimentation in 





this field, including projects at Springfields, JOHN 
Windscale, Capenhurst and Harwell. THOMPSON 
GROUP 
" 
, JOHN THOMPSON ATOMIC 


“iy JOHN THOMPSON LIMITED +: WOLVERHAMPTON : ENGLAND 
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REMOTE HANDLING EQUIPMENT 


@. Tongs being disengaged from release pin 
@ Isotope can being gripped in jaws of tongs 


@ The can ts lowered into the universal vice 


FOR RADIOACTIVE AND TOXIC MATERIALS 


@ The isotope can-opening tool brought into position 
@ Top of can is unscrewed and removed 


@ Tweezer jaws removing isotope from can 
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4 SAVAGE AND PARSONS LIMITED 


WATFORD HERTFORDSHIRE - ENGLAND - PHONE WATFORD 6071 














Philips portable 
Macrotank ‘D’ 
X-Ray Units are now 
in use on the inspection 
of site welding 
at Dounreay 











Non-destructive 
weld testing for 
nuclear plant with 


PHILIPS 


X-Ray Equipment 


Welded joints in this stainless steel pipework for 
liquid metal heat exchangers are here being 
inspected to extremely high standards with 
Philips X-Ray equipment. The heat exchangers, 
together with all liquid metal circuits, and 
principal vessels, are under construction by 

John Thompson Limited, Wolverhampton, for the 
U.K. Atomic Energy Authority’s first full-scale 
breeder station at Dounreay, Caithness. 


Philips manufacture a wide range of X-Ray 
equipment suitable for non-destructive weld testing on 
nuclear reactor installations. 


Please write for further details 


PHILIPS ELECTRICAL LTD 


RESEARCH & CONTROL INSTRUMENTS DIVISION 
Century House * Shaftesbury Avenue * London * W.C.2 
Telephone: GERrard 7777 
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Assembling a prototype precipitator for the detection of faulty fuel elements for the 
Berkeley Station. The design and manufacture of this equipment, which includes gas 
samplers and radioactivity detectors, are being undertaken by Dowty Nucleonics Ltd. 
The design has been carried out at Brockhampton Park in collaboration with the 
A.E.I.-John Thompson organisation, and production will be backed by the resources 


of the Dowty Group. VAN = VY, 
DOW T VY 


WOLEODOL OS x 


Member of the DOWTY Group - BROCKHAMPTON PARK - ANDOVERSFORD - GLOS. 
Telephone: ANDOVERSFORD 391/2/3 Telegrams: ““ INVENTION ” Cheltenham 
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— CONSIDERATIONS permeate the whole philosophy 
of nuclear reactor design and the safety circuit is the 
‘nerve centre’ of reactor instrumentation. 


This circuit provides interlocks to ensure safe operating 
procedures, warnings in the case of potential danger and 
automatic corrective action or shut down in cases of 
imminent danger. The operator is guided to the appropriate 
action by annunciation systems which form an integral 
part of the safety circuit. 


In collaboration with the A.E.R.E. (Harwell) we have 
recently completed the design and installation of the 
measurement, control and safety instrumentation for the 
Swimming Pool reactor “LIDO”. We feel competent 
therefore to offer our services in this direction. In particular 
we have brought to the field of reactor safety design an 
extensive knowledge of electro-mechanical switching and 
associated circuitry, which has been gained from over half 
a century of experience in the telephone industry. 


The photograph shows the compact layout of the 
““LIDO” safety panel which utilizes over 100 relays of a 
type noted for their complete reliability. These are so 
arranged in plug-in units to be readily accessible for close 
examination and clearly visible through the glass-fronted 
sealed cabinet for routine inspection. 





Our team of reactor instrumentation engineers will be 
pleased to discuss in detail at any time the many aspects of 
reactor safety circuitry and equipment and place at your 
service their wide knowledge and experience of nucleonic 
and electronic instrumentation. 


Enquiries should be addressed to: 


ERICSSON TELEPHONES LIMITED 


Head Office: 22 LINCOLNS INN FIELDS, LONDON, W.C.2 Instrument Division: HIGH CHURCH ST., NEW BASFORD, 


Tel: HOLBORN 6936 NOTTINGHAM Te/: NOTTINGHAM 75115 
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WHICH END OF THE PROBLEM IS YOURS? 


a4 


The production of results from analysis? 


With the SINDAK Cathode Ray Polarograph, 
an accurate pvesentation of the caemical 
analysis of your product is displayed at a 
speed and sensitivity hitherto unobtainable by 
conventional means. 


The Deciplex calculator 


Primarily intended for engineering and 

scientific calculations, this calculator should be 
considered as a fast electronic version of a 

desk calculator with the advantage of 
completely automatic operation within the scope 
of the data and programme storage available. 


Sindak equipment is fully described in our Brochure 120. 
A copy will be gladly sent on request. 


EQUIPMENT FOR CALCULATION AND ANALYSIS 








The analysis of results from production? 


SINDAK Data Reduction equipment speeds up the 
numerical analysis of recorded data. 





Southern Instruments Computer Division 
Camberley * Surrey 
Telephone: Camberley 2230 (3 lines) 
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QCf supplies Three Major Facilities for Europe. 5 & 


Making important contributions to Europe’s growing Atoms- 
for-Peace programs, Q C f Industries, Incorporated, is sup- 
plying major reactors to The Netherlands, Sweden and Italy. 
Both light and heavy water facilities are now under design 
and construction. 


Q C f is engineering and constructing a 20,000 kw light 
water research and materials testing reactor for the Reactor 
Centrum Nederland, a 30,000 kw light water facility for the 
Atomic Energy Company of Sweden and a 5,000 kw heavy 
water facility for the Italian National Committee for Nuclear 
Research. 

The Nuclear Products-Erco Division of QC f is ac- 
tive in designing and constructing complete reactor facilities 
for power, research, materials testing and other purposes. 
Inquiries relating to design and manufacture of reactors, 
components and allied equipment are cordially invited. 
Other ACF reactors currently under design and construc- 
tion: 
1,000-5,000 kw heavy water research reactor for the Massachu- 
setts Institute of Technology. 

10,000 kw light water materials testing reactor for the Nuclear 
Engineering Test Facility, Wright-Patterson Air Force Base, Ohio. 
Preliminary design of a 10,000-20,000 kw light water materials 


testing reactor for the Case Institute of Technology. 
Q N 
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“(left to right, seated): J. Pelser, Reactor Centrum Nederland; R. Vest- 


ergaard, Atomic Energy Company of Sweden; H. Etherington, Vice 
President, Nuclear Products-Erco Division of ACF and former 
Director of Argonne National Laboratory's Reactor Engineering Di- 
vision; Dr. G. Franco, (CISE) for the Italian National Committee for 
Nuclear Research; (standing): G. Anderson, ACF Manager of 
Reactor Engineering; J. J. Dickson, ACF Assistant Manager of 
Reactor Engineering; R. M. Jones, AC F Manager of Marketing and 
Planning; B. Swenson and B. Nelsson, Atomic Energy Company of 
Sweden; H. Henkel, ACF Project Engineer. 


products-erco division 


QC f Industries Incorporated, 508 Kennedy Street, N.W., Washington, D.C. 
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FOR A COMPLETE 
PRECISION AND PROTOTYPE 
NUCLEAR ENGINEERING SERVICE 


. @ CONSULTING 
* ENGINEERS 


e : _| @DESIGNERS AND 

ee MANUFACTURERS 

OF NUCLEAR AND 

= SPECIFIC PROTOTYPE 
EQUIPMENT 


[' 4 | @ REMOTE 
| : | | MANIPULATING 
EQUIPMENT 




















ee @ VACUUM CASTING 
= EQUIPMENT 


VACUUM SINTERING FURNACE @ HIGH VACUUM 
EQUIPMENT 


@ ELECTRONIC 
ENGINEERS 


@ RADIO FREQUENCY 
ENGINEERS 


@LOW TEMPERATURE 
REFRIGERATION 


@ INSTALLATION 
CONTRACTORS 
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ARGON GAS PURIFICATION PLANT 


WESTERN DETAIL MANUFACTURERS LTD. 
WESTERN WORKS, STAPLE HILL, BRISTOL 
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Movement of pipe work under modern high-pressure and high temperature conditions 

is absorbed efficiently by Teddington Bellows Expansion Joints. Teddington Bellows are o! 
highest quality stainless steel, flawlessly butt-welded to ensure perfect uniformity 

of wall for maximum durability. Normal production ranges from | in. to 7 ft. diameters and 
larger sizes can be made. Your expansion problems can be solved by our experienced 
engineers who are always available for consultation and recommendation. 


Send for our descriptive brochure No, R31 





P/PES ON THE MOVE PREFER 


TEDDINGTON AIRCRAFT CONTROLS LTD., INDUSTRIAL BELLOWS DIVISION, AMMANFORD. 
CARMARTHENSHIRE. Tel.: AMMANFORD 455. 
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CARRUTHERS 


25 TONS 
ROTATING 


CRANE 


IN DOUNREAY> 
CAITHNESS 
SCOTLAND 
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CARRUTHERS & CO. LTD., 27 HAMILTON STREET, GLASGOW, S.2. 


LONDON OFFICE: ABFORD HOUSE, WILTON ROAD, VICTORIA, S.W.| 
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The First Year and only Book and Buyers 


Guide to the British nuclear industry 


ntents include . 


FOREWORD by Lord Mills, Minister of 
Power 


REVIEW ARTICLES Current trends in 
applied atomic energy reviewed authorita- 
tively by experts in twelve outstanding 
articles 


WORLD AUTHORITIES History, organ- 
ization and programme of 50 national and 
international atomic energy bodies 


TECHNICAL DATA Nuclear constants, 
fission data and other useful information 


ISOTOPES The most comprehensive table 
ever published, lists every known nuclide. 
Other articles cover whole field of isotope 
techniques 


COMPANY ADDRESSES Details of prac- 
tically every British firm working in nuclear 
energy 


BUYERS GUIDE Classified listing by pro- 
ducts of all that is manufactured by the 
British nuclear industry 


TRADE NAMES Products sold under 
registered titles 


WHO’S WHO Biographical details of the 
leading men in British nuclear energy 


OVER 500 PAGES 


PRIGE United Kingdom £2.2.0 plus 1/- 
US and Canada $8 plus 50c 
other countries £3.3.0 plus 1/6 


WSE MUIR PUBLICATIONS LTD., 
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for postage and packing 


3 PERCY STREET, LONDON, W.1 
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60 MILES OF PI//'PP'JI RY ELECTRODE 


Over 300,000 ft. of Murex Fortrex 35 Electrodes were 
used for welding the above sphere at the Dounreay 
Atomic Energy Plant. These electrodes were exclusively 
used for all the manual arc welding on this unique 
and massive sphere which is 135 ft. in diameter and 
is made up from nearly 300 plates. The sphere has 
been built by the Motherwell Bridge and Engineering 
Co. Ltd., Motherwell, to the most exacting require- 


cl, 


MUREX 


\/ Murex Welding Processes Ltd., Waltham Cross, Herts. Tel.: Waltham Cross 3636 





MUREX AT DOUNREAY... 






ments of the U.K. Atomic Energy Authority. For 
such applications only the best electrodes can be 
used. Murex electrodes are at your service. 


Other contractors at Dounreay using Murex electrodes 
include Alex. Findlay Ltd., Matthew Hall & Co., Ltd., 
Head Wrightson & Co. Ltd., John Thompson Ltd., 
Thos. W. Ward Ltd., and Whatlings Ltd. 





CRARNE MAECING 


Lr tKhae Atomic fyeelol- 


This 25-ton Circular Motion Crane was developed, designed and 
constructed by us to meet special requirements in the nuclear energy 
field. In addition to one supplied to the U.K.A.E.A. for the materials 
testing reactor at Dounreay, two have been installed at Harwell and 
one is about to be commissioned at Lucas Heights, Sydney, Australia. 
for the Australian Atomic Energy Commission. 


Owing to the unusual operational requirements and the location of 
plant in the reactor building, no central supporting structure was 
permissible. The main problem in the design, therefore, was to ensure 
accurate circular motion without the use of flanged runners which, 
under certain conditions, could involve binding or jamming on the 
circular track. 





The difficulty was overcome by providing a central pivot in the roof 
of the building incorporating a path on which rotate adjustable rollers 
located above the centre of the crane bridge. The wide flangeless 
runners in the end carriages are driven through constant-velocity 
couplings. Creeping speeds are available on all motions through 
diverter control 


REDDtHISH STOcKk PORT ENGLAND 


Phone: Heaton Moor 2227. Grams: ‘‘ Gallant, Manchester. Code: Western-Union 
London: Lincoln House, 296/302 High Holborn, London, W.C.1 Iclephone: Chancery 7911 
Scotland: Fisher, Baxter & Co., 140 West George Street, Glasgow, C.2 Phone: Douglas 1061-2-3 Grams: * Fluorspar * Glasgow 
Midlands: A. R. Holland & Son, 89 Cornwall Street, Birmingham, 3 Phone: Central 1457 Grams: Central 1457, Birmingham 
South West: R. C. Collins, 48 Westbourne Road, Penarth, Glamorgan Phone: Penarth 1527 Grams: Penarth 1527 
Northern Counties: Fisher, Baxter & Co., 140 West George St., Glasgow, C.2 Phone; Douglas 1061-2-3 Grams: Fluorspar, Glasgow 
Northern Ireland: General Enginecring Products Ltd, 44-46 Waring Street, Belfast Belfast Tel: 23743 
Fire or Southern Ireland: Charles Nolan & Co., 2 Parker Hill, L. Rathmines Road. Phone: Dublin 93510 Grams: Dublin 93810 
REPRESENTED IN PRINCIPAL COUNTRIES THROUGHOUT THE WORLD, 
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WINDOW TANKS 


FOR DOUNREAY 


manufactured and supplied by— 


EVANS 


of PORTSMOUTH 


Zinc bromide viewing tanks will be a prominent feature in the cave of the 
irradiated fuel element laboratory at Dounreay. These vital units represent 
our first contribution towards the building of this new reactor. 


We are ideally equipped to assist in this new field of development, 


particularly in the manufacture of remote control equipment and special 
purpose machinery. 


Enquiries will receive our prompt 
attention and fullest co-operation 


REO VRE 





J]. EVANS & SON (Portsmouth) Ltd 


Marcyn Works, Goldsmith Avenue Z 
PORTSMOUTH a 
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lt all started from there 


Atomic power is a force that is now under control. Power 
stations are being built to use it both here and overseas, 

and these are only the forerunners of those to be built during 
the next few years. Talbot Stead are manipulating tubes 

for incorporation in the stations now being erected, and even 
more tubes will be required for the stations of tomorrow. 
Their manipulative skills will be taxed more and more as new 
alloys are called into use, and as the complexity of the 
assemblies increases. But Talbot Stead can be depended on to 
keep up with the needs of this specialised section of industry. 
If you are concerned with any form of tube manipulation 
Talbot Stead will welcome the opportunity to discuss the 
specification with you. They may be able to take on a job 
that is too complex for your own staff; they may be able to 
do work now in progress on a more economical basis. 


Talbot Stead 


manipulated tubes for 
atomic energy 


Tubes and components supplied for DOUNREAY : 60 miles of stainless steel seamless 
tubing, $”-6)” o/d. 1,200 stainless steel spiders for the liquid metal heat exchangers. 
1,000 ,000 stainless steel Raschig rings, also large quantities of flanges, stubs and rings 
for numerous applications. 

In the Pluto type reactor, Talbot Stead supplied and fabricated the stainless steel 
pipework for the heavy water coolant, helium coolant circuit, shield coolant circuit, 
supplementary cooling, and instrumentation. 





TALBOT STEAD TUBE COMPANY LIMITED - GREEN LANE - WALSALL - A @ company 





——. 
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The Great 


Sphere of DOUNREAY The fast ‘fission-breeder’ reactor at 





DOUNREAY 


This new fast reactor station should 
be operating, on an experimental 
basis, by the Summer of 1958. 
To extract the heat output effici- 
ently a liquid metal will be circu- 
lated through the reactor core and 
the primary/secondary heat 
exchangers. The heat will then be 
carried out of the protecting sphere 
by a secondary liquid-metal circuit 
und used to generate steam in the 
secondary heat exchangers 








Dounreay—this modern conception of perpetual motion, in which 
fertile atoms will be transformed into fuel faster than the fissile 
atoms can be consumed—is slowly taking shape. 

Work on the lower half of the gigantic 1,500-ton sphere 
is completed, and building of the 80-feet-diameter reactor vault, 
to house the fertile ‘blanket’ and the reactor core, is proceeding. 
When these are finished the upper half of the sphere will be 
erected and the reactor totally enclosed. 

When completed, the 135-feet-diameter sphere will have 
two-and-a-half miles of welded seams, every inch of which will 
have been radiographically examined to ensure that welding is of 
Lloyds Class I Standard. 

The sphere was designed and is being built by The 
Motherwell Bridge and Engineering Co. Ltd. and we are proud to 
record that ‘Kodak’ Industrial X-ray Films are being used exten- 
sively by the Company’s inspection engineers on this nationally- 
important project. 


Kodak INDUSTRIAL X-RAY FILMS 


—first choice of inspection engineers 


Kodak Limited Industriai Sales Division Kodak House Kingsway London W.C.2 


Kodak’ is a registered trade-mark 
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OWN SUWREAM! 


HE U.S. Army nuclear power station at Fort Belvoir. 





near Washington D.C., is now producing power and was 
dedicated on the 29th April, 1957. 


ALCO who designed and built this plant have granted 
Humphreys & Glasgow Limited selling rights for their reactors in 
all parts of the world except North America. Arrangements for 
manufacture in the United Kingdom are now completed. Much of 
the plant will be manufactured for Humphreys & Glasgow by 
Daniel Adamson & Co. Limited, of Dukinfield, Cheshire. 


It is confidently expected that at an average site, the cost of a 10 MW 
plant will not exceed £150/kW installed and that operating costs will 
be less than 14d. per unit. 


Humphreys & Glasgow Limited, are thus able to offer complete 
nuclear plants for power generation or steam raising, which will be 
generally competitive with thermal plants of equivalent size. 





COMPETITIVE POWER FROM THE ATOM 


HUMPHREYS & GLASGOW LTD 


HUMGLAS HOUSE * CARLISLE PLACE - LONDON S.W.1 


ALSO IN FRANCE GERMANY CANADA AUSTRALIA SOUTH AFRICA JAPAN 
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THE WORLD-WIDE-FAMOUS 
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known for their Design, Precision and Quality for more than 80 years. 
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SOLVE ALL PROBLEMS —¥h., . 
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JOHANNES ERHARD H.WALDENMAIER ERBEN 
Siddeutsche Armaturenfabrik, Heidenheim/ Brenz- Germany 
Telephone 3881 Cable: Erhardarmaturen 





For all information write to 


The Sole Agents for the United Kingdom 


ALK. STARCK’'S CO. LT D. 22, Chancery Lane London W.C.2 


Telephone Holborn 2966 Cable: Akstar London 
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CINEMA 








A COMPANY 


\ | 


Designed to indicate the integrated doses of 
Gamma or hard X-ray radiation received by 
an individual. The accumulated exposure is 
determined by holding the dosimeter to the 
eye and viewing the position of a fibre on a 
calibrated graticule. Two ranges are avail- 
able, 0 to O-5r or O to 5r, and full details will 
be sent on request. 





RANK ORGANISATION LIMITED 


WORSLEY BRIDGE ROAD 


LONDON S.E.26 


HITHER GREEN 
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Pipe installations for 
the Nuclear Engineer 


Shaw-Petrie and Clyde 
Tube Forgings Limited, 
manufacture, fabricate, 
and erect, to the highest 
specification, complete 
range of pipe-work and 
Seamless Steel and Alloy 
Butt Welding Fittings. 


SHAW-PETRIE 


LIMITED 


NORTH HILLINGTON - GLASGOW SW2 - TELEPHONE HALFWAY 5551-6 





CLYDE TUBE 
FORGINGS LTD 


















LONDON OFFICE 157 VICTORIA ST. SW1 
TELEPHONE TATE GALLERY 9325-6 
AND AT SOUTH SHIELDS, LIVERPOOL 

AND BELFAST 


OVERSEAS 
CANADIAN CLYDE TUBE FORGINGS | 
P.O. BOX 278 WESTON ONTARIO } 
New Zealand Burhados Mexico am 
Eau West British Guiana Venezuela 
Central and Jamaica Belgium Holl 
South Africa Trinidad Norway Swed 
Australia htaly Spain and Finland 





CLYDE TUBE FORGINGS Of AMERICA 
PORTLAND OREGON U.S.A. 
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In the construction of the Fast Breeder Reactor at the 
atomic power station at Dounreay, ‘ROCKSIL’ is the chosen 
insulator. “ROCKSIL’ is being used for the insulation 

of the main and auxiliary equipment including heat exchangers, 
tanks and piping. The installation is being carried out by 
William Kenyon & Sons Limited, who obtained the contract. 


Dounreay uses ROCKSIL. 


ROCK WOOL INSULATION 


ROCKSIL’ is the latest synthetic inorganic fibre, produced in 
Britain from natural Scottish Rock. The basis of all 

Rocksil Insulation is a white fleecy wool—a low-density, resilient 
mass of long siliceous fibres consisting of up to 95°, of air by 
volume. Besides being a highly efficient insulator throughout all 
temperature ranges up to 1400°F., ‘ROCKSIL’ is fire resistant, 





chemically inert and sulphur-free, non-hygroscopic, odourless and rot- 
proof; it does not contain glass or slag. It is available in a 

variety of forms, such as loose wool or fabricated products, 

to suit every application requirement. 


Write for jiterature and all further details to the manufacturers : 
| THE CAPE ASBESTOS COMPANY LIMITED, 114 & 116, Park Street, London, W.I. Tel: Grosvenor 6022. 
and at Glasgow: 217, Bothwell Street, Glasgow. Telephone: Central 2175. 


Manchester: National Buildings, St. Mary's Parsonage, Manchester, 3. Telephone: Deansgate 6016-7-8 
Birmingham: ||, Waterloo Street, Birmingham, 2. Telephone: Midland 6565-6-7. 


aso distributed by WILLIAM KENYON & SONS ve., Dukinfield, Cheshire. Telephone: Ashton-under-Lyne 1614. 








TA10362 
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NO GROUTING IN Eee 


NO WAITING FOR 







THEY GRIP BY EXPANSION 






SAVE TIME with Rawlbolts. Grouted ragbolts will take 3 days 
to harden before the machine can be used. Use Rawlbolts and 
the machine can be in production in much less than 3 hours. It 






Write now 





can be moved easily to a new position when necessary. 


SAVE LABOUR with Rawlbolts. No laborious and time wasting 
cold chiselling with Rawlbolts. The holes are drilled with a 





for illustrated 






literature giving 
full details of 
Rawlbolts and the 






Rawltool to the exact size, the Rawlbolts dropped in and after 






the machine has been positioned the bolts are tightened. The 
expansion of the segments locks the bolts in the holes. 


many high perfor- 






mance Rawlplug 








tools (hand, 
electric and 


pneumatic. ) 





The world’s largest 
manufacturers of fixing devices 













THE RAWLPLUG CO. LTD - CROMWELL ROAD - LONDON S.W.7 
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‘Dido’, the most powerful experimental reactor 

reacto rs in Western Europe, has now been in operation at 
sa Harwell for over six months, and shortly its 

counterpart, ‘ Pluto’, will go into operation at 


call od ‘Did ) J Dounreay. 
¢ ( * Pluto’, like ‘ Dido’, (a photograph of which is 


shown above) is an enriched uranium heavy water 
¢ J moderated reactor with a flux of 10'* neutrons/ 
and Phi | fo cm2/second at a thermal output of 10 Megawatts. 
These reactors will enable the essential research 
on the testing of materials under the effects of 
irradiation to be speeded up, and will also provide 
large quantities of isotopes of high specific 
activities. Head Wrightson Processes Limited 
have engineered, procured and supervised the 
erection of both * Dido’ and * Pluto’ and are also 
handling further reactors of these types and other 
equipment for the United Kingdom Atomic 
Energy Authority and also the Australian 
Government. 


HEAD WRIGHTSON PROCESSES LTD 


TEESDALE HOUSE - 24/26 BALTIC STREET - LONDON ~- E.C. 
Offiees ot: P.O. Box 1595 Sydney + P.O. Box 1034 Johannesburg + P.O. Box 2608 Calcutta and 603 Royal Bank Buildings Toronto |! 
Associates in the U.S.A.: The Fluor Corporation Ltd Los Angeles 22 New York Chicago Boston etc 
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- KG 0 instrumentation for reactors 


brought to completion within 8 weeks 


EKCO are proud to have carried out the full instrumentation 
of three new reactors and to have brought 

all three installations to completion within 

a period of little more than eight weeks. 


Two of these instrumentations equip the two new-type reactors in Britain— 

at Dounreay and Harwell—which, when operating, will be the 

most powerful of their type in Western Europe. The third instrumentation—first 
ever to be exported—has already been shipped to Sydney, Australia, 

where it will be assembled and commissioned by Ekco engineers. 

This triple achievement underlines the fact of EKCO leadership in 

electronics, as in the many other fields in which they work. 


EKCO ELECTRONICS t TO SOUTHEND-ON-SEA ESSEX 
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Hayward Tyler glandless circulating pumps are 
installed in the DIDO and PLUTO reactors at 
Harwell, and the materials testing reactor at 
DOUNREAY. These units circulate D.O coolant 
through the core and are constructed under surgically 
clean conditions from non-corrodible components 


HAYWARD TYLER = 
& co LTD LUTON TELEPHONE: 6820 


LONDON’ OFFICE: SALISBURY HOUSE FINSBURY CIRCUS LONDON — E.C.2 NATionai 9306 
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Shaping the 
pattern of the 
nuclear future 


Two nuclear power projects 
of global significance have been 
undertaken by the G.E.C.— 
Simon-Carves Atomic Energy 
Group. In Scotland, the 

Group is to construct a 

320 MW nuclear power 
station for The South of 
Scotland Electricity Board. At 
Dounreay, The Motherwell 
Bridge and Engineering 
Company Ltd. 

(a member of the Group) 

is building the 135 ft. diameter 
reactor-containing sphere 

for the U.K. Atomic Energy 
Authority's fast 

breeder reactor. The G.E.C. 

is installing the electrical 


generating plant. 


THE GENERAL ELECTRIC CO. LTD - 
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AUXILIARIES 


at the DOUNREAY 
NUCLEAR POWER PLANT 


include 
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A Graphical Record— 
with the 


LABGEAR RECORDING 
RATEMETER D.4124 








This completely self-contained integrating Ratemeter gives both a meter indication and a 
paper record of regular or random pulse rates. Four ranges of count rate up to 600,000 
per minute are provided with an accuracy better than 1%. Integrated time constants of 
02, 1, 2, 10, and 20 seconds are now incorporated as a standard feature together 
with a correction circuit which compensates for the counts lost in a random distribution. 


An E.H.T. supply is incorporated for energising Geiger tubes or Scintillation 
counters, etc. A regulated supply is also included to power auxiliary apparatus. 


Electronic limit-triggers are provided which may be adjusted over the scale to 


define the maximum and minimum variations of count rate which may be required to 
be signalled for the operation of warning devices or control gear. 


Please write for further details to : 


Labgear (Cambridge) Ltd. 


NUCLEONICS DIVISION, 
WILLOW PLACE, CAMBRIDGE, ENGLAND 


Telephone 2494 (2 lines) Telegrams ‘“‘ Labgear Cambridge "’ 
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POWE LL Manufacturers of 


Carbon and Graphite materials 


DUFFRYN Designers and constructors 


of chemical plant 


and equipment 
Garbon in Carbon and Graphite 
Products 


| MACHINISTS OF 
Limited NUCLEAR GRAPHITE 
FOR ATOMIC REACTORS 



































POWELL DUFFRYN ARBO DROD / 
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ALL THESE United Kingdom Atomic Energy Authority 
Plants use air or gases at various temperatures, 
densities, pressures and velocities. All use‘ TORNADO' 
Fan Engineering Equipment. 


Uy 
i! 
Tu 
AVAILABLE NOW ARE LARGE STOCKS 

of standard fans, blowers, unit heaters, dust units and other ancillary products. 


The ‘TORNADO’ range is designed for an infinite number of applications, and in 
addition we will always tackle the unusual, non-standard air movement problem. 


FAN ENGINEERING EQUIPMENT 


is used for Air Cleaning; Cooling; Drying; Dust Exhausting; Fume 

Removing; Gas Boosting; Heating; Hot Air Circulating; Mechanical Draught; 
Pneumatic Conveying and Ventilating. Details of the complete range are 

in these publications: Booklet 20/38 for small to medium size fans and 
ancillaries, and Booklet 25/38 for larger plant. For advice on the selection 

of suitable equipment please write giving details of your particular problem. 


Limitreo 
Keith BlackMmalh ccs weap roap . noxvon . wat 


PAN MAKERS SINCE18&83 Telephone: TOTtenham 4522 (I5 lines) 
Birmingham . Leeds : Newcastle Bristol . Glasgow Leicester . Belfast 
v.a.nangr7e 
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Tl Nuclear Engineering Limited 














TI Companies have supplied 
the following components 
and equipment for the 


Dounreay Fast Reactor Project :— 


TI Nuclear Engineering Ltd 
A subsidiary company of Accles & Pollock Ltd. 
Tube Investments Limited Niobium fuel element sheaths. 
Stainless steel breeder element sheaths. 


Talbot Stead Tube Co. Ltd. 


Tubes, bends and fittings for the liquid 





metal heat exchangers and coolant circuits. 
Chesterfield Tube Co. Ltd. 

Large bore tubes for the liquid 

metal circuits. 

W. H. A. Robertson & Co. Ltd. 


Rolling mills for the fuel element 





fabrication plant. 





Simplex Electric Co. Ltd. 
Electrical equipment for the stand-by 
control system. 


Other TL products now being prov ided for atomic energy power 
stations include control rods, control rod stand pipes, charging tubes, 
telescopic core restraints, absorber rods, fuel element supports, 
neutron starter tubes, reactor tie bars, polytetrafiuoresthylene tube, 
gaskets, bellows and rods, etc. 

The TI Research Laboratories, near Cambridge, and the TI 
Technological Centre, at Walsall, can undertake sponsored design 
and development work relating to tubular and sectional 

structural components, to the fabrication of reactor grade 


materials and to the investigation of corrosion problems. 


Ti NUCLEAR ENGINEERING LIMITED, tHe ApeELPHI, LONDON, W.c.2. TEL: TRAFALGAR 5633. CABLES: TIGROUP RAND LONDON 














ad 








NUCLEAR POWER JUNE 1957 














A32 


SPERRY 


develop and design Control Systems 


manufacturers of :— 


PRECISION SYNCHROS 
SERVOS 
HYDRAULIC ACTUATORS 
AMPLIFIERS 
HYDRAULIC PUMPS AND MOTORS 
COMPUTORS AND SIMULATORS 


COMPLETE SYSTEM ENGINEERING 
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Head of a 6ft. dia. Auto- 
clave, spun on the Harvey 
“ Rotarpress” from a 
stainless steel disc 1¢ in. 
thick. 

Designed for a working 
pressure of 500 Ib./sq. in. 





KEYNOTES OF 








FABRICATION 


G. A. HARVEY & CO. (LONDON) LTD., Woolwich Road, London, S.E.7. Telephone: GREenwich 3232 (22 lines) 
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Corner of shield built from bricks of the 
4” chevron type range showing window apertures 
and spherical seatings for remote handling gear. 





Wall composed of 4” es 
standard chevron type bricks Glen 
for 

wate 
Unit 


LEAD SHIELDING ne 


Illus 
Some of the lead bricks we supplied to Dounreay ins 













are shown in these photographs. The people valve 


risin: 
to consult about the production of special ASSOGIATED LEAD valve 
° actu: 
shapes for shielding are Associated Lead. ‘ wna) - MANUPACTURERS L1mItES ee 
, X a, /gm MANUF A SRS L 5 ale 
IBEX HOUSE, MINORIES, LONDON, E.C.3 
CRESCENT HOUSE, NEWCASTLE 
LEAD WORKS LANE, CHESTER 
VA) 





Export enquiries to: THE ASSOCIATED LEAD MANUFACTURERS EXPORT CO. LTD.. IBEX HOUSE, MINORIES LONDON, E.C.3 
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Glenfield Valves are being used extensively 
for flow control purposes in the cooling 
water pump house and circulating lines of the 
United Kingdom Atomic Energy Authority’s 
Experimental Fast Reactor Plant at 
Dounreay. 


Illustration is a representative example of an 
inside screw electrically operated sluice 
valve; other types supplied included outside- 
rising screw electrically operated sluice 
valves, automatic self-closing hydraulically 
actuated sluice valves, hand-worked sluice 
valves and electrically driven needle valves. 


GLENFIELD 
VALVES 






I Coy 


GLENFIELD & KENNEDY. LIMITED. KILMARNOCK J} 











Head Office & Works: KILMARNOCK, SCOTLAND 


VALVE SPECIALISTS AND HYDRAULIC ENGINEERS FOR OVER A CENTURY 
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COURTBURN 


PosiT f POSITIONERS LIMITED | Limrreod 


suppliers of 
WORK HANDLING EQUIPMENT 


for welding 
to NUCLEAR POWER PLANT CONTRACTORS 


At the present time Courtburn are manufacturing a number of specially 
| designed power-operated turntables to carry cylinder rotators on bogies 
























complete with workpieces, a total load of 48 tons per turntable, for 
THE MOTHERWELL BRIDGE & ENGINEERING CO. LTD. 


working in conjunction with the G.E.C—Simon Carves Atomic Energy Group 
in the construction of a Nuclear Power Station 
for the 


SOUTH OF SCOTLAND ELECTRICITY BOARD 











COURTBURN ROTATORS have already been supplied to other nuclear plant makers 


Courtburn Rotators have been specially designed to meet 
modern welding requirements, and incorporate features 
essential for efficient and economic welding production. 
They are extremely robust in construction, to withstand 
harsh welding shop treatment for many years to come 
Wide speed ranges are provided, and speed indicators 
reading in inches per minute are available. 





Pendant remote control with “stop,” “ forward” and 
“ reverse " push-buttons are supplied as standard, but foot 
operated type is optional at slight extra cost. 

Type VR 100 accommodates all diameters from eighteen 
inches to ten feet, the roller brackets being easily moved 
in a few seconds to alternative positions. 


DETAILS OF OTHER SETS OF 10 CWT. TO 200 TONS 
CAPACITY ON REQUEST. 


| > “SA Se 





Our Representative 


will gladly call to discuss A set of Type VR 100 Rotators, consisting of a power 
driven section and an idler section, turns a combined load 
your requirements of 5 tons at varying welding speeds. 


OURTIBUR 


PweeTIONERS LIMIDVT EO 





Manufacturers of all types of Work Handling Equipment for Welding 


SALES DIVISION, GOLDINGTON BURY, BEDFORD 
Telephone: 4587-8-9 


Registered Office and Works: Kempston Hardwick, Bedford 
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WARDS FACTORY PLANNING AND INSTALLATION DEPARTMENT 


al DOUNREAY 


i ES Ea a 


Service Corridor Pipework in one 


of the Chemical Blocks. 





Pipework and Vessels in Highly 


Active Cell. 





Specialists for many years in the 
planning and installation of plant 
and machinery services for industry, 
WARDS have played an important 
part in the construction of several 
Atomic Plants. 

At Dounreay they have carried out 
the installation of control gear, 
pumps and process plant and the 
fabrication, welding and installation 
of many miles of stainless steel, 
mild steel, copper and alloy 
pipework, and ancillary equipment. 
They have also been entrusted with 
graphite laying. 








THOS. W. WARD LTD 


ALBION WORKS SHEFFIELD PHONE 263/!1 EXT. 281. 


LONDON OFFICE BRETTENHAM HOUSE - STRAND 
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Bowler Feed Pumps 


Feeding the modern boiler with water at high pressures and high tem- 


Sete ere we wore a. a. 


peratures demands specialised experience of the highest standard in 
the design and manufacture of feed pumps. G. & J. Weir, Ltd., are 
pioneers and specialists in this branch of engineering, and are respon- 
sible for pioneering many of the developments in power plant practice 
on land and at sea. 

FEED REGULATORS 

DEAERATORS 

FEED HEATERS 

REGENERATIVE CONDENSERS 


EVAPORATORS 
ETC. 
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DOUNREAY ATOMIC 


POWER STATION 





The Dream takes shape... 


Two years ago Dounreay was just a desolate airfield on the bleak Caithness 
coast. ‘Today it is the bustling site of Scotland’s first atomic 
power station at an advanced stage of construction. 
What was a dream is taking shape—heralding evidence of the atomic age. 


Whatlings, who are building Dounreay, are proud to 


be entrusted with this major work for tomorrow, 


WHATLINGS LIMITED, 


CIVIL ENGINEERING & BUILDING CONTRACTORS, 


10 WOODSIDE CRESCENT, GLASGOW, C.3 




















Principal Contractors to the United Kingdom Atomic Energy Authority at Dounreay 
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Darlington 85% magnesia 
keeps that heat 
where it is useful 


Is the precious heat used in your plant leaking 
away through badly insulated pipes and furnaces 
—heat that now costs you more than ever before ? 
Keep the air temperature down and the working 
temperature up by applying Darlington 85%, 
Magnesia insulation; keep that heat just where it 
should be—working for you, not against you. 
Many British power stations, including the new 
atomic power station at Calder Hall, owe their 
high thermal efficiency to Darlington Insulation 
materials and engineering. If you have insulation 

problems contact our technical department baw 

first, they will give you as much help | 
and advice as you need. 


The Chemical and Insulating Co. Ltd 


DARLINGTON, CO. DURHAM 
TELEPHONE DARLINGTON 3547 


MH3 
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Why fast ? 


IT IS a sobering thought that the U-235 content of all known reserves of uranium is equiva- 
lent in energy to less than that in known reserves of coal. Having mastered the basic 
technology of harnessing in a controlled way the fission of U-235, the most urgent problem 
now facing us is the improvement in utilization of our niclear resources so that the much 
more abundant U-238 can be used too. 


As far back as Geneva, Sir John Cockcroft pointed out that the utilization of fresh nuclear 
fuel in first generation reactors would be equivalent to about 10,000 tons of coal per ton of 
natural uranium charged. By then separating plutonium converted from U-238 and using it in 
other reactors it should be possible to increase the utilization by a factor of ten. Finally, by 
breeding more plutonium in fast reactors it should be possible ultimately to make one ton of 
natural uranium do the work of one million tons of coal. This, roughly, is the thought behind 
the Dounreay Fast Reactor Experiment. The breeding principle has been proved on zero- 
energy reactors at Harwell: now we have to find out how to overcome the practical problems 
in transferring the principle to a power reactor. 

Fast breeders have difficulties not encountered in thermal reactors. Control, for example, is not 
nearly so simple on account of the much shorter lifetime of the prompt fast neutrons. Fuel 
element design is totally different due to the absence of moderator and very high power density 
required. The possibility of an uncontrolled criticality incident in the event of a core melt- 
out cannot be entirely discounted. The only possible way of solving these problems was to 
build a full-scale reactor and find out by actual experience. 

Quite apart from these problems peculiar to fast reactors, DFR is sodium-cooled and the tech- 
nology of such systems has not so far been studied on such a large scale. Thus DFR will not 
only provide invaluable experience on fast reactors as such but may help to settle the some- 
what vexed question whether large sodium-cooled thermal systems are practical or desirable. 


Fast reactors also have their economic problems. In a natural uranium reactor, only 0-7 per 
cent of the material is fissionable, so that by the time an element is due for reprocessing due 
to radiation damage and fission product poisoning, quite a large proportion of the fuel atoms 
has been used. With the fast system on the other hand, the degree of enrichment will be 
very high (it has not been revealed for DFR, but is thought to be about 40 per cent). Poisoning 
is hardly a problem in the fast reactor but radiation damage is still there and the elements will 
have to be reprocessed long before all the fissionable atoms have been used. In addition, the 
critical mass for the fast reactor is much greater than that for the thermal reactor, so that both 
initial fuel costs and subsequent reprocessing charges are apt to be high. However, canning 
requirements are not so stringent as in the case of a thermal reactor because uranium is 
compatible with sodium, and, since poisoning is not important, perhaps a relatively crude 
reprocessing (possibly pyro-metallurgical) might suffice. These questions can however only be 
answered in the light of prolonged full-scale testing. 

One cannot, however, judge the economics of the fast reactor in isolation. It must clearly 
form a part of an integrated system of converter and breeder reactors. In such a system, the 
fast reactor fuel would be plutonium but it seems that this will not be available in sufficient 
quantity until about 1963. After that, as the CEA stations begin to make themselves really 
felt, there should be no shortage and the question will be what to do with it. We must clearly 
have the answer to this ready long before that time. 
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For the fourth time . . . 
Mitchell’s have been 
chosen to work on 
British Atomic Plants 








Chapelcross, Mitchells are the main civil engineering contractors 


| for this important new AEA nuclear power station. The contract, CHAPELCROSS 


valued at £3}m., includes all buildings and cooling towers. 








Capenhurst. Mitchells are installing pipework, process plant and 


2 equipment at this AEA plant. Six cooling towers are also being CAPENH URST 


built by Mitchells. 





3 Spring fields. This contract is for pipework and other plant for the 


Atomic Energy Authority. SPRINGFIELDS 





DOUNREAY Supply and installation of engineering 


, f A , , . 
| opeyenent or the chemical laboratories associated with DOUNREAY 
! this new fast-breeder reactor in the north of Scotland. 




















Mitchell Engineering Ltd of London, working as a consortium with their 
American associates AMF Atomics Inc, and Siemens-Schuckertwerke of 
Erlangen, are to supply an atomic power station to the largest power 
organisation in the Ruhr, Rheinisch-Westfalisches Elektrizitatswerk AG. 


MITCHELL ENGINEERING LIMITED ONE BEDFORD SQUARE LONDON WC! 
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UNITED KINGDOM 


Open house at Dounreay 

In a praiseworthy public relations opera- 
tion last month, the Atomic Energy 
Authority opened the gates of the Doun- 
reay Works to the general public. As 
Sir Christopher Hinton, the AEA’s In- 
dustrial Group Managing Director 
remarked during the press preview, the 
occasion did not mark any dramatic 
landmark in the progress of Dounreay 
but was simply an opportunity for the 
taxpayer and the local residents to get 
some idea of what is going on in this 
strange new factory. It will be nearly 
another year before Dounreay is fully 
operating but a visit at this time was 
specially interesting since many parts 
that were seen will later become totally 
inaccessible. 

Asked about possible dangers of fast 
reactors he said the Authority was fully 
cognizant of these, but by _ in-built 
design features in DFR it would be 
possible to avoid them. He admitted that 
in the unlikely event of a core melt-out 
a ‘woof’ was possible. This would not 
be an explosion in the ordinary sense, 
but possibly similar to that from uncon- 
fined cordite. The DFR had been de- 
signed, he said, so that in the case of a 
melt-out the fissionable material would 
‘run apart, and not together. 

Much attached to Sir 
Christopher's announcement that the 
land-based prototype of HMS_ Dread- 
nought’s pressurized-water reactor would 
be installed at Dounreay. He empha- 
sized however that the AEA were merely 
providing site facilities—the actual plant 
was being designed and would be opera- 
ted by the Admiralty. 


Lord Salisbury at Ekco 


New research laboratories at the South- 
of E. K. Cole Ltd 
were opened last month by Lord Salis- 
bury. With 31,600 square feet of 
working area, the new four-storey block 
includes five laboratories for the devel- 
opment of nucleonic equipment. Three 
of these are for medical and general 
scientific nucleonic equipment, industrial 
measurement and automatic process 
controls, and reactor instrumentation re- 
spectively. The fourth is for the 
assembly and testing of complete 
nucleonic systems, while the fifth is for 
investigating new applications. 

In the assembly laboratory visitors 
were able to see the complete reactor 
instrumentation system for the new 
Harwell research reactor PLUTO which is 
due for delivery shortly. Following this 
will be the instrumentation for PLUTO’s 
twin, the Dounreay mTr. 


interest was 





end-on-Sea_ works 
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After the opening ceremony and tour 
of the laboratories, Mr Eric K. Cole en- 
tertained Lord Salisbury and a _ large 
company of guests to luncheon. 


More delay at Hunterston 

The decision on the GEC Simon-Carves 
power station for the South of Scotland 
Electricity Board has been delayed by 
the death of Sir Randall Philip QC, who 
presided at the 13-day public hearing in 
February on the proposed site at Hunter- 
ston, Ayrshire. Sir Randall had been 
seriously ill with cardiac trouble for two 
months and had been unable to com- 
plete his report. The Secretary of State 
for Scotland has now appointed Harold 
R. Leslie, Sheriff of Roxburgh, Berwick 
and Selkirk to take Sir Randall's place. 
The form of the new inquiry will depend 
on Sheriff it may involve re- 
hearing all the evidence, or alternatively, 
supplementing decisions already made 
with further evidence. 

Meanwhile opposition to the Central 
Electricity Authority’s Hankley Point 
project is mounting and a petition has 
been signed by a growing number of 
farmers, landowners and jovers of the 
Somerset countryside. The public inquiry 
opened at Bridgwater last month. 





Leslie 


John Brown to join HS group ? 

A further development in Hawker Sid- 
deley’s nuclear energy plans, following 
last month’s bid for the Brush Group 
(see Worldview, May), is a reported link- 
up with the John Brown shipbuilding 
enterprise on Clydeside. Negotiations 
are in progress, according to a John 
Brown spokesman, but no definite state- 
ment has yet been made. This associa- 
tion would presumably be for nuclear 
ship development. John Brown built the 
Cunarders Queen Mary and Queen 
Elizabeth and also the Royal Yacht 
Britannia. 

Yet another activity of the Hawker 
Siddeley group since the announcement 
of the new defence programme and the 
move away from manned aircraft as 
defence weapons, has been announced. 
The Hawker subsidiary, A. V. Roe, 
Canada, has recently bought a share 
stake in the Algona Steel Company, one 
of Canada’s biggest steel works. 


New Safety Branch for AEA 


Responsibility for the AEA’s safety 
policy will now rest on a newly-formed 
Safety Branch, to operate from the Indus- 
trial Group at Risley. The AEA Act 
1954 gives the Authority the duty of 
ensuring that no ionizing radiations or 
radioactive wastes cause harm to the 
public. Various committees previously 
implementing this act have been reor- 





ganized into two main bodies, the Safety 
Executive Committee and the Health 
Advisory Committee, served by a per- 
manent staff from the Safety Branch. 
Chief Safety Officer in charge of the 
Branch will be Mr F. R. Farmer, who 
has been in the technical department of 
the design office and operation branch 
of the AEA since 1947. 

The Safety Branch will not affect the 
assumption of responsibilities by Govern- 
ment departments ‘as soon as the time 
is proper.’ Developed to enable the 
Authority to keep all safety factors under 
review, it will advise Government depart- 
ments dealing with legislation and under- 
take rigorous scrutiny of all proposals 
for reactors, and, within the Authority, 
for process plants and laboratory instal- 
lations involving hazards. 


CEA chief sees Berkeley progress 

The deputy chairman (operations) of the 
Central Electricity Authority, Sir Josiah 
Eccles, recently paid a visit to the John 
Thompson Wolverhampton works to in- 
spect progress in the manufacture of 


parts for Berkeley power station. He was 
able to see the massive 3in.-thick steel 
dome which forms the bottom of one of 
the 1000-ton reactor pressure vessels al- 
most completely assembled on a jig. 
After fabrication and weld preparation in 
the shops, the vessel will be transported 





At the works (I to r): Mr E. W. 
Thompson (chairman, John Thompson 
Ltd), Sir Josiah Eccles, Mr Harry West 
(managing director, AEI-JT Nuclear Energy 
Co Ltd) and Mr J. H. N. Thompson 
(deputy chairman, John Thompson Ltd). 
Behind is one of the Berkeley domes 


in sections to Berkeley and welded in 
situ. Much of the steel thermal shield is 
also complete in sections ready for weld- 
ing preparation, and the heat exchangers 
and fuel charge machines are making 
good progress. 

Sir Josiah remarked that he was very 
much impressed by the advanced stage 
reached in construction and by the 


quality of design and workmanship. 
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Swords to ploughshares 

New Chief Engineer at Harwell, replac- 
ing Col. G. W. Raby, who has been 
appointed Managing Director, Atomic 
Power Constructions Ltd (see Companies) 
will be Mr J. R. V. Dolphin, CBE, who 
has been Chief Engineer, Atomic Wea- 
pons Research , Establishment, Alder- 
maston, since 1951. He will take up his 
new duties on August 1, 1957. 

Educated at Marlborough and Lough- 
borough Engineering College, Mr Dol- 
phin was in private 
consultant and inventor from 1945-SI 
During the war he was CO of the 
Special Forces Research Establishment 
and invented the miniature motor cycle 
for parachutists known as Welbike, the 
rights of which were subsequently taken 
up by a firm now manufacturing a well- 
known motor scooter. He also developed 
the one-man submarine, Welman, and 
many other inventions connected with a 
wide range of engineering techniques. 
Before the war he was a consultant on 
power station development. He was 
awarded the CBE in 1956. 


business as a 





At the Hanover Fair 





Last month’s German Industries Fair in 
Hanover was the biggest yet and a centre 
of interest was the British stand. Here, 
Mr E. H. Underwood, UKAEA Director 
of Publicity, explains the Calder Hall 
model to Mr Akran, Nigerian Minister of 
Development 





Chilean visitor here 


Visits to Harwell and Calder Hall are 
in the two-week programme arranged 
by the British Council for Prof Luciano 
Cabala, Dean of the Faculty of Science 
at Concepcion University, Chile, now in 
this country. He has already 
Imperial and Queen Mary Colleges, both 


visited 


of which have nuclear engineering de- 
partments, and ‘ manufacturers at Alder- 
maston.’ 

Among the many British scientists he 
is meeting is NUCLEAR POWER’S Isotope 
Editor, Dr A. G. Maddock, who went to 
Chile last year at the invitation of Con- 
cepcién University and under British 
Council auspices. He directed a four 
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weeks’ course on radioactive isotopes for 
scientists from Latin-American countries. 
Equipment sent by British manufacturers 
for the course has since been purchased 
either by the University or other insti- 
tutions. 


“Other fuells’ at Winfrith 


The Government is to promote a Bill to 
remove what are called ‘commoners’ 
rights’ over land at Winfrith Heath, 
Dorset—the site chosen for the AEA’s 
research station. ‘Commoners’ rights ’ 
are mentioned in a document of 1771 
which set aside an area ‘for the preserv- 
furze, turf and other fuells.” 
Although the heathland has never been 
fenced, the public has no rights over it 
except where footpaths are concerned. 
The rights apply only to the owners and 
occupiers of certain properties in the 
vicinity and there has been little or no 
exercise of the rights for many years. 

Winfrith Heath was chosen by the 
AEA from 70 possible sites and the Min- 
istry of Housing and Local Government 
gave planning permission for the project 
in February, It now transpires that an 
Inclosure Award relating to part of the 
land was made in 1771. The map attached 
to the award appears to have been lost 
and it is thus difficult to identify the 
properties entitled to benefit from the 
rights. To avoid delay in the Authority's 
research programme, the Government 
have decided to promote a Bill in the 
present session. It will extinguish all 
commoners’ rights and provide for an 
inquiry into the nature and ownership of 
the rights for compensating owners de- 
prived of them. 


ing of 


° ° 
Replanning supergrid 
One of the first effects of Britain's 6000 
MW-by-1965 nuclear power programme 
has been a complete re-thinking of the 
national electricity network system. Prior 
to the development of nuclear energy for 
electricity generation, long-term planning 
was going ahead on the basis of a high 
large power 
stations on the East Midlands coalfield 
where coal was relatively cheap and 
abundant and sending it in bulk by a 
275kW supergrid to heavy consumption 
areas in the south and north. 
According to a Central Electricity 
Authority announcement last month, this 
policy has now been reviewed and it is 
now unlikely the earlier plans will be 
carried through. Owing to the large 
amount of water required, the earlier 
nuclear power stations will be sited 


concentration of very 


mostly on coastal locations in the south 
and south-west and so a radically new 
approach to the transmission system is 
necessary. 

First effect of the change is the CEA’s 
decision to suspend the project for a 









275kW line from Drakelow power 
station, near Burton on Trent, to a sub- 
station at Fleet, Hampshire. This was 
originally intended to meet the growth 
in demand for electricity in southern 
England and the London area. These <is- 
tricts have no locally produced fuel at all 
and it was at that time intended to sup- 
ply electricity in bulk from the East 
Midlands. It is now considered that all 
the E. Midlands power that will be 
needed can be carried by the three other 
275kW lines. One of these is in commis- 
sion, the second is under construction 
and the third is due for completion in 
1959. 

How the south coast nuclear power 
stations will be linked up has not yet 
been announced, but it seems likely that 
the trend will be towards decentraliza- 
tion. 


Cs-137 unit for Southampton 
A rotating beam therapy unit 
radiocaesium as the radiation source is 
to be inaugurated by 80-year-old Sir 
Ernest Rock Carling, at the Royal South 
Hants Hospital, Southampton, on May 
31. Developed by a team led by Dr 
Clarkson, it was first shown in the de- 
velopment stage at Geneva in August, 
1955. Advantage of a moving beam over 
the stationary technique is that, while 
the gamma radiation is focused on the 
tumour, the skin dose is not concentra- 
ted in one area. Caesium 137, which has 
a half life of over 30 years, is obtained 
as a fission product from the UKAEA 
and 2,500 curies are supplied annually 
to the hospital by the Authority. Two 
sources are used, each acting as a bal- 
ance to the other during rotation, and 
each containing 1,250 curies in a plati- 
num-iridium capsule. The capsule is 
mounted on a uranium wheel, enclosed 
in a protective container, which screens 
the beam in the ‘off’ position. The 
mounted opposite each 
other on a steel ring and may be used 
together or separately. Treatment may 
be stationary, full rotational or oscilla- 
tory. Rotation of the capsules is effected 
pneumatically and is remotely controlled. 

The patient lies on a couch which can 
be moved longitudinally or transversely 
The couch can be placed through the 
ring or alongside it when the ring is 
vertical, or above or below it when hori- 
zontal. 

Southampton University helped in the 
project, and most of the construction 
was done in the engineering department. 


INTERNATIONAL 
Euratom plan out 


Hopes that the three Wise Men of Eura- 
tom (Louis Armand, Franz Etzel and 
Francesco Giordani) would unreservedly 
recommend the British gas-cooled natural 


using 


sources are 
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uranium reactor were dashed last month 
when their report Target for Euratom 
was published. The Wise Men said their 
enquiry had shown that there were really 
only two types of reactor ready for com- 
mercial use-—-the American enriched fuel 
water-cooled type (pressurized or boil- 
ing) and the natural-uranium gas-cooled 
reactors pioneered by Britain and France. 
The fact that a PWR had run without 
interruption for two years in the USS 
Nautilus gave ‘great confidence’ in the 
reliability of this type of reactor, said 
the report. The Armand mission also ex- 
press confidence in the Calder Hall reac- 
tor but do not draw direct comparisons. 
They point out, however, that the British 
station is likely to be more expensive 
on capital cost but cheaper on running 
charges. 

On costs, the Wise Men believe that 
European conditions both the 
British and American reactors would be 
about equal with a figure of 11 to 14 
mills per unit sent out. New conventional 


under 


stations using imported fuel would gen- 
erate at I1 to 12 mills, but while this 
will inevitably rise, nuclear costs are mov- 
ing down, 

Comparing Britain with Europe, the 
report says Britain ‘has reacted very 
quickly to an energy problem that is less 
threatening than our own.’ Britain im- 
ports only 12 per cent. of her energy: 
the Euratom figure is 22 per cent. If the 
situation were not checked by nuclear 
energy the respective figures in 10 years’ 
time would be 22 and 33 per cent. 

The Euratom programme of 15,000 
MW nuclear capacity by 1967 is about 
2} times the British plan of 6,000 
MW by 1965. The report regards this as 
reasonable, considering the three-to-one 
population ratio and the 2°8-to-1 ratio of 
electricity production at the present time. 
The total cost of the Euratom plan will 
be about £M2,500. 


JAPAN 
Japan to buy from US and UK 


Orders from an improved Calder Hall 
type power station, consisting of one 
reactor only, from Britain and a pres- 
surized water reactor from USA are to 
be placed by Japan by March 31, 1958. 
Nine electrical power companies have 
decided to set up an atomic power gen- 
eration company by the end of the year, 
with an established capital of £MSO. 
The British company to supply the 
140,000KW_  gas-cooled reactor is not 
named; the 134,000kW PWR is reported 
to be similar to the one ordered by 
Yankee Atomic Electric Company. 
American criticism of British reactors 
made at the recent US-Japanese joint 
conference in Tokyo evoked correspond- 


ence in the Press in this country and a 
Statement in the Commons by Paymaster- 









NUCLEAR POWER JUNE 1957 





General Reginald Maudling. He said— 
quoting Sir Christopher Hinton— The 
reactors at Calder Hall have gone into 
operation more smoothly and with far 
less trouble than is normally experienced 
in starting up a conventional power 
plant; and the reactor system continues 
to show great potentialities for further 
development.’ He added ‘The best 
answer to criticism is to show what we 
have already achieved—and what the 
critics have not.’ The Japanese have 
apparently decided to put faith in the 
opinion of the three Wise Men of Eura- 
tom and to buy both British and Ameri- 
can types. 





AFRICA 
Uranium from small prospectors 


UKAEA have offered to purchase 
uranium ores from small producers in 
the Federation of Rhodesia and Nyasa- 
land. Up to March 31, 1964, the Authority 
is prepared to purchase, in any one year, 
suitable ores containing up to 100 tons 
of uranium oxide, and will accept small 
consignments containing not less than a 
quarter-ton of oxide. The price paid for 
material accepted will vary according to 
the grade. For example, for each pound 
of uranium oxide contained in the ore 
the price will be 30s where the grade is 
0'2 per cent., which is the minimum grade 
acceptable, 35s where it is 0°5 per cent. 
and 40s where it is 5‘0 per cent. or over. 

To encourage the development of new 
sources of uranium, a special price of 
SSs per lb will be paid until March 31, 
1962, for the first S tons of uranium 


The Soviet super synchrotron 
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oxide contained in acceptable ore de- 
livered from each completely new mine. 
Payment will be made after the ore has 
been delivered to and assayed by 
UKAEA agents, and the Authority will 
make a substantial refund of rail charges. 


YUGOSLAVIA 
WPC to meet at Belgrade 


Theme of the World Power Conference 
11th Sectional Meeting, to be held in 
Belgrade from June 5 to 11, is Power as 
a factor of development in underdevel- 
oped countries. The technical programme 
has been divided into two parts, econo- 
mic and technical. One of the five 
sessions on the technical aspects will be 
on utilization of nuclear power. A num- 
ber of excursions will include a visit to 
the Institute for Nuclear Sciences at 
Vinca, 23 km from Belgrade. A delega- 
tion from Britain, about 30-strong, will 
include Sir Harold Hartley as_ the 
official British delegate. Sir Harold was 
President of the WPC from 1950-56 and 
is now Honorary Chairman of the Inter- 
national Executive Council. Other Brit- 
ish visitors will be: Lord Citrine; Sir 
Vincent de Ferranti, Chairman of the 
British National Committee; Dr H. S. 
Arms, Chief Engineer of the English 
Electric / Babcock & Wilcox / Taylor 
Woodrow Atomic Power consortium; 
J. C. Duckworth, Deputy Chief Engineer 
(Nuclear Power), CEA; J. A. Jukes, 
Economic Advisor, UKAEA; and S. A. 
Ghalib, Chief Engineer, AEI-John 
Thompson Nuclear Energy Co Ltd. 





At the Dubna centre of the Joint Institute for Nuclear Research (see Worldview, May) 
the 10 GeV proton synchrotren recently went up to full power. At the control 
desk are (I to r): V. Petukhov (director of high energy physics laboratories), 


V. Veksler (director of JINR laboratories), and L. Zinoviev (chief of starting group) 
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NETHERLANDS 
Prince Bernhard to open Het Atoom 


The International atomic energy exhibi- 
tion, Het Atoom (Worldview, April) will 
be opened by HRH Prince Bernhard, 
patron of the exhibition, in his capacity 
as chairman of the International Hon- 
orary Committee. HM Queen Juliana 
will also be at the opening on June 28 
Financed by Amsterdam City Council 
with the support of the Dutch Govern- 
ment, the exhibition at Schiphol Airport, 
which lies 1S5ft below sea level, will 
cover 100,000 sq ft. 

The second OEEC Information Con- 
ference on Nuclear Energy for Manage- 
ment will be held in Amsterdam from 
June 24 to 29, organized by the Euro- 
pean Productivity Agency and Nuclear 
Energy Secretariat of the OEEC. Pur- 
pose of the conference, a follow-up of 
the first one held in Paris at the begin- 
ning of April (Worldview, April), is to 
provide industrialists with information 
on the organization and progress of 
nuclear research (including fusion) and 
industry's part in this field, on nuclear 
fuel resources, mineral prospecting, 
manufacture of fuel elements, economic 
and financial problems, risks involved, 
radiation effects, and methods of protec- 
tion. 

Talks will be given by representatives 
from the atomic energy commissions of 
OEEC member countries and from the 
nuclear industry. Conference members 
will be at the opening of Het Atoom. 
Industrialists wishing to take part should 
apply to their National 
Centre. 


Productivity 


UNITED STATES 
OMRE to produce 16 MW heat 


Rapidly nearing completion at the 
National Reactor Testing Station at Arco, 
Idaho, is the Organic Moderator Reactor 
Experiment, which uses an organic com- 
pound such as diphenyl as both modera- 
tor and coolant. Advantages claimed to 
be inherent in this system are: high 
hydrogen content of organic compounds 
make them good moderators, relatively 
high boiling point eliminates need for 
high pressures; organic compounds cause 
negligible corrosion with standard mate- 
rials and do not react readily with 
uranium, 

Built by Atomics International Inc for 
the AEC, which will share the cost of 
$1,800,000, the OMRE will produce 
16,000 kW of heat, This would normally 
be used for power production, but in this 
experiment it will be dissipated by an 
air-blast heat exchanger. Coolant temper- 
ature will run from 500 to 700°F during 
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operation, Fuel elements will be plate 
type, highly enriched with U-235. 

Preliminary work on the OMRE began 
in 1955 and excavation in mid-1956. All 
tanks were installed in October, and the 
core vessel process tanks and internal 
structures soon after, If the experiment 
is successful, a power reactor of the same 
type is planned for Piqua, Ohio, with 
12,500 kW electrical capacity. 


Join |AEA—US urged 


Ratification by the US of the Inter- 
national Atomic Energy Agency was 
urged in Washington earlier this month. 
Mr James Wadsworth, deputy US repre- 
sentative at the United Nations, told the 
Senate Foreign Relations Committee and 
the Joint Committee on Atomic Energy 
‘it represents the soundest, most logical 
and safest way of attaining international 
promotion for and supervision of the 
peaceful uses of atomic energy.” Nego- 
tiations by 81 nations leading to its 
creation had proved that countries can 
work together towards unanimous agree- 
ment on a common world position. The 
two committees were holding a joint 
meeting on the Agency's statute which 
President Eisenhower has submitted to 
the Senate for ratification. Witnesses in- 
cluded John Foster Dulles and Lewis 
Strauss. 

Another witness, AEC Commissioner 
Thomas E. Murray, said participation in 
the agency would help the US in its 
efforts to lead the world towards the 
common goal of public prosperity in a 
“new and peaceful international order.’ 


Reaching 100M degrees 


More details about the Stellarator, the new 
American thermonuclear research tool 
(see Worldview, May) have now been re- 
leased. To be built at Princeton Univer- 
sity, the apparatus is part of the Sher- 
wood Programme, a nation-wide attack on 
the fusion problem. The apparatus con- 
sists of a straight cylindrical tube, en- 
closed in magnetic coils. The gaseous 
deuterium, which must be heated to at 
least 100 million °C before controlled 
fusion can take place, is collimated into 
a narrow beam by the magnetic field. 
The ionized gas, which cannot cross lines 
of magnetic force, travels in spirals within 
the cylinder, leaving the container walls 
cool. As the temperature of the gas in- 
creases, the magnetic force must be varied 
to produce a ‘pinch effect’ on the gas 
while fusion takes place. To date, high 
temperatures have been produced by this 
effect for microseconds only. 


New A-plane contracts 

Following last month’s declaration by 
chairman Robert E. Gross that Lock- 
heed could build a nuclear-powered air- 





craft within three years if the Govern- 
ment gave the go-ahead (Worldview, 
May), a new contract has been awarded 
by USAF Air Materiel Command. Worth 
£M14, this is for completion of labora- 
tories and other nuclear facilities at Lock- 
heed’s experimental installation at Palo 
Alto, Georgia. Construction began a 
year ago on this Air Force project to in- 
vestigate the effect of radiation on aircraft 
components. The new contract brings the 
total funds allocated to the Georgia plant 
by the USAF to £M4}. 

Meanwhile, the AEC has issued a per- 
mit to the Glenn L. Martin Company for 
the construction of a nuclear power ex- 
periment facility at Middle River, Mary- 
land. Research will be pointed towards 
the development of nuclear aircraft. 
Initially experiments will centre on a pro- 
totype core of the Martin Power Reac- 
tor, a heterogeneous, water moderated, 
pressurized system using enriched, tubu- 
lar fuel elements clad in stainless steel. 
Systems similar to the Army Package 
Power Reactor will also be investigated, 
in which water will be used as moderator 
and reflector. Flat plate fuel elements are 
featured, comprising uranium foil sand- 
wiched between stainless steel plates. 


SRE working 


The Sodium Reactor Experiment at 
Santa Susana, Los Angeles, went critical 
last month. Built by Atomics _Inter- 
national Inc, as part of the five-year AE( 
programme for nuclear power develop- 
ment, the sodium graphite pilot reactor 
generates 20,000 kW of heat. Electrical 
generating equipment with 7,500 kW 
capacity, installed adjacent to the SRE 
by the Southern California Edison Com- 
pany, utilizes the heat to produce electri- 
cal power which is fed over their lines. 
Experience gained from the SRE wi!l be 
incorporated in the large-scale Sodium 
Graphite Reactor planned for Consumers 
Public Power District of Nebraska, which 
will produce 75,000 kW of electricity. 

The sodium graphite system is uranium 
or thorium-uranium fuelled, graphite 
moderated and sodium cooled. About 
10,000 gallons of sodium are circulated 
through the core. The core and sodium 
circuits are contained in a steel tank be- 
low ground level, submerged under a 
Sft-thick, dense concrete shield. Control 
rods are boron steel. The reactor Is 
housed in a 100ft long building, and aux- 
iliary buildings on the site include a 
machine shop, laboratory and _ office 
block. 

Total cost of the SRE has been about 
$10 million of which Atomics Inter- 
national have contributed a quarter and 
the AEC the remainder, while the 
Southern California Edison Co have in- 
vested over a million in the generating 
equipment. 
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THE] AEA’s NEW REACTOR TEST ESTABLISHMENT 


THE DOUNREAY WORKS of the United Kingdom 
Atomic Energy Authority is essentially a place where 
large-scale reactor experiments will be carried out to fur- 
ther Britain’s plans for the intensive development of 
nuclear power. As the name suggests, however, it is not 
merely a research establishment but also has some aspects 
of a production factory. 

Towering over everything is, of course, the Fast Reactor 
sphere. This reactor is a great experiment to find out how 
to improve the utilization of nuclear fuel and is a fore- 
runner of the kind of power stations we might be build- 
ing in about ten years’ time. The other reactor under 
construction is DMTR—a heavy-water-moderated and cooled 
high-flux thermal reactor of the pIDo/PLUTO type—which 
is required for materials testing and engineering loop ex- 
periments. The third reactor at Dounreay will be the pro- 
totype for Britain’s atomic submarine, HMS Dreadnought. 
At present this project is only at the site preparation stage. 
In time, it may be expected that further large-scale reactor 
experiments of the UKAEA will be constructed at Doun- 
reay, but so far no plans have been announced. 

As an essential ancillary to the reactors, the establish- 
ment includes extensive chemical and metallurgical pro- 
cessing plants, part of which is concerned with fuel element 


Before selecting a site for 


fabrication, not only for DFR and pMTR but also for other 
British research reactors. The station is essentially one 
based on enriched fuels, so that there are no facilities for 
ore reduction. In fact, Dounreay must be seen as part of 
the AEA Industrial Group’s works system in which Spring- 
fields (natural uranium), Windscale (plutonium) and 
Capenhurst (uranium enrichment) form essential parts. 

Since the main function is research, the laboratories are 
of great extent and splendidly equipped. One laboratory 
is of special interest—the Experimental Criticality Facility. 
Here, experiments will be carried out to determine the 
amounts of fissionable material that may safely be held 
together and the effect of accidental introduction of a 
moderator. 

At present, the Works has a staff of about 900, over 
half of which are Scots. Present plans are to increase this 
to 1,360 by next March. Leading personalities at Dounreay 
are: 

WORKS GENERAL MANAGER: Maj. Gen. S. W. Joslin CB, CBE 
RESIDENT ENGINEER (CONSTRUCTION): Dr T. G. Williams 
HEAD OF LABORATORIES: C. R. Tottle 

WORKS MANAGER (CHEMICAL PLANT): T. A. Parry MBE 
WORKS MANAGER (REACTORS): J. L. Phillips 

WORKS SECRETARY: D. M. Carmichael 
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The physics behind the engineering 


FAST FISSION—its possibilities, its problems 


IN A THERMAL REACTOR a moderator is used to 
slow the neutrons down so that the majority of fissions 
take place at thermal energies. In the case of a reactor 
using U-235 along with considerable quantities of U-238— 
natural uranium, for instance—it is only possible to make 
a chain reaction self-sustaining on thermal fission. This 
is because U-238 is only fissionable by high energy neu- 
trons (> 1-1 MeV) and the inelastic scattering cross-section 
of U-238 is the dominant cross-section at high energies 
(about 60%, of the total). Thus the fast neutrons produced 
on fission have only a very small chance of producing 
another fission. 

Suppose, however, that instead of moderating the neu- 
trons to thermal energy, one removes either part or all of 
the offending U-238. Uranium 235 is fissionable at all 
neutron energies and it is then possible, if sufficient U-238 
is removed, to sustain a chain reaction on fast neutrons 
only. In this case no moderator is used, so that the neutron 
energy is kept as high as possible—say, greater than 
0-1 MeV. 

Now, in a thermal reactor using, for example, natural 
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uranium, the fissionable U-235 is being continually used 
up but, because of the inevitable resonance and thermal 
neutron capture in U-238, Pu-239 is being continuously 
produced. Plutonium 239 is like U-235 in that it is fission- 
able at all neutron energies. In a typical natural uranium 
thermal reactor approximately 0-8 Pu-239 atoms are pro- 
duced for each U-235 atom destroyed and so for each 
U-235 atom destroyed, in effect only 0-2 fissionable atoms 
are used up. This naturally raises the question whether 
it is possible to replace all the U-235 by Pu-239, or even 
produce more Pu-239 than the U-235 used up. 
However, it can easily be seen that this is not possible 
in a moderated reactor. Consider the number of neutrons 
produced per neutron absorbed in U-235. For thermal 
fission this figure is 2-08. But of these 2-08 neutrons, 
One is required to carry on the reaction and so only 1-08 
are available for all the other possible ‘losses.’ These 
are: capture in U-238 to form Pu-239; capture in the 
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moderator and other materials and loss by escape from 
the reactor. So capture of one of the 1-08 would leave only 
0-08 for the remaining losses—an impossibly low figure 

A similar situation exists for thermal fission in Pu-239 
where the number of neutrons produced per neutron ab- 
sorbed is 2-07 and so again it would not be possible using, 
say, Pu-239 and U-238 to produce as much Pu-239 by 
capture in U-238 as is used up by fission and capture. 
However, for U-233 the neutron yield on thermal fission 
is 2:29 and so it is possible that, by using a mixture 
of U-233 and thorium, more U-233 could be produced 
from the thorium than is used up. 

Now the possibility of producing more fissionable material 
in a reactor than is used up becomes a much more 
feasible proposition when reactors working on fast fission 
only—fast reactors—are considered. The neutrons pro- 
duced per neutron absorbed for fast neutrons (about 
2 MeV energy) for U-235, U-233 and Pu-239 are respec- 
tively 2-3, 2-4 and 2-6, and so the possibility of achieving 
a gain factor greater than zero is good. (The gain factor 
is defined as the number of new fissionable atoms pro- 
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Fast fission—gain factors possible 


duced per fissionable atom destroyed minus unity and so 
represents the net gain in fissionable material.) 

As stated above, one of the requirements for a fast 
reactor is that the neutron energy must be kept as high 
as possible so that the fissions take place at the highest 
possible energies. This is necessary because as the neutron 
energy decreases, the fraction of neutrons captured in the 
fissionable material increases so that figures for neutrons 
produced per neutron absorbed decrease. This means that 
it is important in a fast reactor to limit the amount of 
material in the core which will appreciably slow down 
neutrons. In practice then, as far as possible, low-mass 
elements must be excluded from the core and so the cool- 
ant and structural materials must have as high an atomic 
weight as possible and yet still perform their primary func- 
tions efficiently. 

A further feature of fast reactors is the high power 
density of the core. For example, comparing a fast and 
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U-235 in the fast reactor is much greater than the critical 
mass Of U-235 in the thermal reactor for the same heat 
output. This is because of the low fission cross-section at 
high energies. However, the size of the fast reactor core 
will be smaller than that of the thermal reactor core 
because of the absence of the moderator. So, for a given 
power output, the fast reactor core is very much smaller 
than the thermal reactor core. This means that the cooling 
of the fast reactor has to be done by a very efficient 
coolant, and liquid metal coolants are favoured because of 
their good heat-transfer properties. Sodium or sodium- 
potassium alloy are possible coolants and they also satisfy 
the nuclear requirement in that they are not very good 
slowing-down media. A further consequence of the cool- 
ing problem is that because of the large amount of heat 
to be removed per unit volume of core the fuel must 
present as large a surface as possible to the coolant. This 
means, for example, that if fuel rods or tubes are used 
they must be very thin or thin walled, so there must be 
very many of them. 


The general arrangement of a fast reactor is then, a 
core containing the fissionable material in the form of 
rods or tubes, surrounded by the fertile material. (The 
material which captures neutrons to produce fissionable 
material is usually referred to as the fertile material.) 
This blanket of fertile material captures neutrons as they 
escape from the core but it also serves as a reflector insofar 
as it scatters some of them back into the core. Because 
it consists of heavy atoms it does not appreciably reduce 
the neutron energy on scattering and so its action is 
different from that of the reflector in a thermal reactor. 

Compared with the operation of a thermal reactor 
there are certain differences with fast reactors. The prob- 
lem of fission product poisoning hardly arises because the 


The world’s first power-breeder 


thermal reactor using only U-235 the critical mass of 


absorption cross-sections are so low. Temperature effects 
still occur and negative temperature coefficients can be 
achieved. However, the temperature coefficient arises mainly 
from density changes in the reactor components and not 
from cross-section changes with neutron energy as in a 
thermal reactor. The neutron lifetime is much shorter in 
a fast reactor and this means that a given power increase 
occurs much more rapidly in a fast reactor. Also, the 
actual method of control is different—again because of 
the low absorption cross-sections at high energies. This 
means that control rods are not very efficient and so con- 
trol may be effected by moving a fuel rod or by moving 
part of the blanket. Moving a control rod in a thermal 
reactor alters the neutron absorption and moving a fuel 
rod in a fast reactor will also alter the absorption. Mov- 
ing part of the blanket has a similar effect because it will 
alter the number of neutrons escaping from the core and 
so again effectively alter the absorption. 


Control must be rapid 


Because of the short neutron lifetime, control has to be 
effected rapidly in a fast reactor. This raises the point 
that if the control was not sufficiently rapid the power 
could rise so rapidly that the fissionable material could 
melt and perhaps collect in a sufficient quantity to form 
a dangerous mass. Thus a fast reactor must be so designed 
to obviate these difficulties in exactly the same way as 
it is designed to have a negative temperature coefficient. 


A further consideration in design is in the choice of 
fissionable and fertile materials. Initially, as at Dounreay, 
the fissionable material might be U-235 with a U-238 
blanket to produce Pu-239. However, the Pu-239 produced 
can then be used for further fast reactors and, ultimately, 
systems using Pu-239 and U-238 used to eliminate entirely 
the necessity of producing U-235 in a diffusion plant. 


Dominating everything at Dounreay is the huge steel containment sphere of the Fast Reactor poised on the 


edge of the land. In the centre distance is the Materials Testing Reactor while to the left, on the shore, 


is the sea-water pumphouse. 
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Incongruously old farm buildings to the right help to give scale 
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experiment takes shape 





Due critical next April, a great reactor 


THE DOUNREAY FAST REACTOR 


THE CONTAINMENT SPHERE is 135 ft dia., construc- 
ted in mild steel plate varying in thickness between 1 inch 
and 1} in. Generally the thicker plates are in Coltuf 28 
steel and the thinner ones to Lloyds P403 specification. In 
particularly highly stressed areas around the base Coltuf 32 
was used. All plate was cold pressed hydraulically into 
shape prior to welding. The sphere has a surface area of 
about |} acres and weighs over 1500 tons. The total length 
of the welded seam is over two miles. 

The sphere serves two purposes: it will localize the 
spread of radioactive fission products in the event of a 
leak in the primary system and it will also contain safely 
a sodium fire. In the latter event, calculations showed that 
the pressure inside the sphere will not rise by more than 
18 psi or drop more than 3 psi. 

The only access to the sphere is through an air lock 
40 ft long and 16 ft dia. situated just below the horizontal 
equator and communicating with the upper floors of the 
adjacent Active Element Storage Building. 

Inside the sphere the reactor and primary coolant cir- 
cuits are contained in a concrete biological shield known 
as the Reactor Vault. This is in the form of a bowl with 
vertical walls 5 ft thick. It is 90 ft in diameter and 45 
ft high. The bowl is closed by a 5 ft thick concrete roof 
with a central hole for access to the reactor vessel. Above 
this is a false floor with manholes. 

Further shielding is provided around the reactor vessel 
to prevent the secondary liquid metal coolant and the 
pipework in the vault from becoming radioactive. This 
consists of a 4-ft layer of borated graphite which includes 
an equatorial region of pure graphite in which fission rate 
measurements can be made. 

The whole of the interior of the vault is lined with 
special metalclad insulation panels and an elaborate system 
of nitrogen cooling is employed to protect the concrete 
from the high temperatures to be expected. 







Outside the vault the space between it and the lower 
part of the sphere is taken up with the nitrogen system, 
the air conditioning and other ancillary services. 

The actual core is contained in a stainless steel vessel 
of great complexity mounted on a solid concrete slab in 
the centre of the vault. 

The container consists of a 10 ft 6 in. dia. double- 
walled cylindrical outer vessel, with domed bottom and 
open top, with a smaller inner cylindrical skirt reaching to 
about two-thirds of the depth of the outer vessel. This 
inner cylinder will contain the core, blanket material and 
control elements. Between the skirt and the outer vessel 
are a series of tubes and narrower pipes running from the 
top of the vessel to various levels below the base of the 
skirt. These carry the operating mechanisms and connex 
ions for the control rods and instruments which will enter 
the core area from below. 

At the tops of the pipes, instrument boxes are welded 
in position and pipes carry connexions from these out 
through the wall of the vessel. Similarly, pipes from the 
control rod mechanism tubes carry connexions from these 
through the upper wall of the vessel. The double walls of 
the outer vessel are of } in. and } in. plate with a } in. 
gap between, forming a helium-filled jacket which is part 
of the leak detection system. 

The top of the vessel is closed by a complex arrange- 
ment of rotating shields or plugs, graphite-filled and dis- 
posed eccentrically one within another so that a limited 
opening in the inner shield can, by movement of the rotat- 
ing elements, scan the whole area of the core and breeder 
blanket. Rollers mounted on pads on the vessel carry the 
outer shield which in turn has roller pads which carry the 
inner shield mounted eccentrically within it. 

During operation of the reactor the rotating shields are 
raised off their rollers by a jacking mechanism so that 


Layout of the DFR 
complex shows : 


Diesel Generator House 
Link Building 

Heat Exchanger House 
Reactor Sphere 
Transformer Building 
Outfall 


Diesel Generator Oil 
Store 


Turbine Hall 

9 Air Lock 

10 Element Storage 
Building 

11 Control Room 


12 Active Element Storage 
Pond 


13 Administration Building 
14 Sea-water Pumphouse 
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the heavy rings which form their periphery make a firm 
seal with machined surfaces on the member on which 
they are mounted. In addition liquid seals are maintained 
between each rotating part during charge and discharge 
operations by double cylindrical skirts on each shield 
which mate with, and rotate within, complementary parts 
on the members on which they are mounted. 

The primary coolant will be sodium, although for initial 
commissioning, sodium-potassium alloy will be used be- 
cause it is fluid at room temperature. The heat released in 
the core and blanket—about 60MW at full design load— 
is taken to 24 primary heat exchangers connected approxi- 
mately radially to the core pot and extending inside the 
vault under the roof slab. In these, the heat is transferred 
to the secondary sodium which does not become radio- 
active. Each exchanger consists of a flattened coil of con- 
centric tubes held apart by three-legged spiders. The 
centre tube contains the primary sodium and is connected to 
the inlet and outlet stubs on the core vessel through bel- 
lows expansion joints. Circulation of the primary coolant 
in each loop is provided by its own electromagnetic pump 
of the flat linear induction type located in a nitrogen 
sealed tank just below the roof slab. The stators of these 
pumps are removable through the biological shield without 
disturbing the liquid metal system. The primary circuits 
also include expansion tanks and by-pass cold traps for 
the removal of sodium oxide. The primary system con- 
tains nO moving parts whatsoever and should require no 
maintenance. The exchangers are insulated by preformed 
sections of mineral wool, metal clad. 

The secondary inlets and outlets to the primary loops 
are arranged about half-way along the upper and lower 
horizontal legs of the exchangers, the remainder of the 
annular space beyond the offtakes up to the bellows ex- 
pansion joints being gas-filled and fitted with leak detec- 
tion lines leading to the control room. The 24 primary 
loops are grouped in parallel pairs, each serving one secon- 
dary system. Two heat removal systems serve the breeding 
blanket and ten the fuel core. 


Removing the shut-down heat 

The sodium enters the core vessel at the upper level 
and, inside, means are provided to keep the core and blan- 
ket flows separate. How this is done is one of the features 
of DFR that has not yet been disclosed. Each of the 
twelve heat removal circuits has its own independent diesel 
electric supply so that a complete failure is unlikely. 
Nevertheless, if this did happen it would not be sufficient 
merely to shut down the reactor, for fission product 
activity would still be generating heat. To remove this 
safely, a thermo-syphon system relying solely on natural 
convection is provided. This includes a sodium/air ex- 
changer at the base of a high stack in the adjacent Fuel 
Element Building. A certain amount of heat will be lost 
through here in normal operation. 

On leaving the primary heat exchangers the twelve secon- 
dary sodium circuits are taken through the sphere shell 
to the Heat Exchange Building where a further set of 
heat exchangers raise steam. This can either be returned 
to water in individual sea-water-cooled dump condensers 
or, at a later date, be used in a 15 MW turboalternator 
to be installed in an adjacent building. 

Circulation of the secondary, non-active, sodium is by 
electromagnetic pumps of exactly the same type used in 
the primary circuits. These are used in pairs, in parallel. 

The secondary heat exchangers themselves are of quite 
a novel design with the object of eliminating as far as 
humanly possible any risk of a sodium-water contact. 
They consist of a central water pipe surrounded symme- 
trically by, but not in direct contact with, four liquid 
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On arrival at the site, the 45-ton stainless steel core vessel 

is lowered into the reactor vault through a hole left in the 

top of the sphere. Ringing it, top and bottom, are the 

inlet and outlet stubs to the 24 primary heat exchangers. Below, 
ready to receive the vessel, is the supporting structure in 

the vault. When in position, the stubs were welded to the 

heat exchangers which were already installed. 
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Of concentric tube design, the primary heat 
exchangers are suspended from the roof of the 
concrete vault. Lagging is by mineral wool, metal clad 


metal pipes. Heat transfer from sodium to water is by 
conduction through thousands of copper laminations of 
about 10 gauge thickness threaded over the five pipes and 
separated from each other only by brazing foil. The tubes 
are expanded into the holes in the laminations and the 
whole assembly heated to fuse the brazing foil, thus form- 
ing a completely bonded unit. 

The elements are formed into hairpin units and, re- 
garding each leg as a single element, there are 273 in each 
heat exchanger. Horizontally, there are 21 elements con- 
nected to headers in groups of three. Vertically, there are 
13 banks of elements, forming the various heat exchange 
sections. The sodium enters at the lowest point and the 
water flows from the top downwards. The first two banks 
of elements form the superheater, there are then eight 
evaporator banks and finally three preheater banks. 

The heat exchanger elements are not lagged individually. 
Instead, each whole exchanger is contained in an insula- 
ted steel cubicle. The first six of the twelve secondary 
heat exchangers have been installed and are as described: 
it is understood that the next six might be of a slightly 
modified design although not basically different. The entire 
reactor and heat exchange system is in stainless steel. 

Each heat exchanger has its own steam drum, deaerator. 
dump condenser, feed and make up pumps and in fact is 
a completely self-contained steam raising system. There 
are also a shared mixed bed deionization piant and blow- 
down systems. 

Sea water for the dump condensers, and the turbine con- 
denser when it is installed, is brought through a pair of 
39 in. mains from a pump-house on the shore about 100 
yards distant from the heat exchange building. Here, four 
diesel engines drive vertical shaft centrifugal pumps 
through right angle gearboxes and can deliver between 
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them about 50 million gpd. Discharge is by another pair 
ot pipes to a submerged outfall. The system is thus 
syphonic and the pumping head reduced. 

When it is first put into operation early next year, DrR 
will have a core of enriched uranium with a breeding 
blanket of natural uranium. This of course would not be 
the fast breeder’s proper role and when plutonium is 
available in sufficient quantity it is intended to use this as 
the fuel with either natural uranium or thorium as the 
fertile material. 

So far, very few details have been released on DFR’s 
core arrangements. This much is however known. 


Niobium-canned elements 

The main heat generation in DFR occurs in the core 
proper, which is in overall shape, a hexagonal prism 21 
inches high and 21 inches across the flats, made up of 
several hundred fuel elements of annular cross-section. 
This part will consist of highly-enriched uranium, but in 
addition, the elements will include a length of natural 
uranium top and bottom for reflexion and breeding. The 
blanket, which completely fills the skirt in the core vessel, 
is about 6} ft dia., and contains approximately 2,000 
natural uranium rods 8 feet long and 1} in. dia. 

When the reactor is operating at its designed power 
output, the 60MW of heat generated is removed by the 
liquid metal. This flows down between the fuel and blan- 
ket elements, and down the inner tubes of the fuel ele- 
ments. Each element is positioned in, and supported by, 
the stainless steel bottom plate of the reactor, whilst ade- 
quate space for the flow of the coolant between the 
elements is maintained by the fins on each outer can. 

The fuel and blanket elements are canned in niobium 
and stainless steel respectively to contain the fissionable 
material and fission products and to give dimensional 
stability to the core and blanket lattice. Niobium has a 
high melting point and a good resistance to hot uranium 
and sodium. Stainless steel is used for canning the blanket 
elements, since the conditions are less severe. 

The essential feature of DFR is that it is an experimen- 
tal tool, and it has been designed so that minor and major 
components may be easily replaced if different component 
designs have to be tested. This interchangeability is, in 
fact, so great that the whole of the assembly within the 
double walled reactor vessel can be removed and replaced 
if this is desired. 


Circulation of the primary sodium is by electromagnetic 
pump. Two units seen here (right) are not yet connected 
to the circuit. Removal of sodium oxide will be by 
bypass cold traps, two of which are seen to the left 
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The neutron flux, and, therefore, the heat generated in 
the core, is controlled by moving groups of fuel elements 
into and out of the core. Elements used for this purpose 
are identical to those in the normal reactor charge. 


Twelve groups of fuel elements located at the corners of 
the core hexagon form the control groups. These are held 
in a metal frame resting on a support arm within the 
liquid metal, enabling the control rods to be raised into 
the core to increase its reactivity or dropped below the 
core to shut the reactor down. A magnetic clutch is in- 
corporated in each control rod drive to allow the drive 
to be transmitted through the reactor vessel without 
leakage of fission products. Each control rod and support 
within the reactor vessel is supported by an electromagnet, 
so that interruption of electrical supply to the electromag- 
nets allows the rods to fall rapidly out of the core thereby 
shutting down the reactor. 


As all the twelve control rods are of identical design it 
is feasible that a common fault could develop in the mech- 
anism which could prevent their satisfactory operation in 
an emergency. To provide a reserve control enabling the 
reactor to be shut down under these abnormal conditions, 
three rods containing neutron-absorbing boron may be 
dropped into the inner row of breeder elements surround- 
ing the core. The design of these boron safety rods differs 
from that of the control rods, so that the possibility of 
their failure at the same time as that of the control rods 
is remote. 


The positioning of the control and safety rods is con- 
trolled from the desk in the control room by means of a 
selector switch and push buttons. The scram button on 
the desk cuts the current to all the hold-on electromagnets 
and drops all the control rods and boron safety rods 
simultaneously. In addition to normal or emergency 
manual shut downs, automatic scramming occurs on: 
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1. low pressure in the primary gas blanket 

2. high temperature in the centre of the core 

3. low flow of liquid metal through the core and blanket 
4. high neutron flux 

5 


an abnormally rapid rate of increase of neutron flux 
Electromagnetic flowmeters measure the flow of liquid 
metal coolant in the primary and secondary circuits, and 
the nuclear behaviour of the reactor is followed by means 
of ion chambers located in the graphite shield surround- 
ing the reactor vessel. 

All operations involving a change in reactivity are con- 
trolled from the desk in the control room. Here are the 
switches and push buttons enabling the power of the re- 
actor to be varied by adjustment of the control rods, and 
here also are the controls determining the rate at which 
liquid metal is pumped through the coolant circuits. The 
instruments indicating or recording the behaviour of the 
reactor and its heat extraction circuits are grouped on the 
outer instrument panels. The panels on the left of the con- 
trol room contain ordasigns and annunciators which give 
warning of fault conditions and enable individual faults to 
be located. 


Fuel elements must be periodically discharged because 
prolonged irradiation causes physical distortion and ele- 
ment efficiency falls due to depletion of fissionable material 
and build up of fission products. Similar considerations 
apply to a lesser degree for the breeder elements. 

Discharging presents a number of problems because the 
elements are: 

1. extremely radioactive 
2. immersed in liquid metal which is not only radioactive, 
but also chemically active 


3. continue to generate heat for a considerable time after 
shut down, due to residual fission product activity. 
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Furthermose : 
4. the blanket gas above the liquid metal in the reactor 
is highly contaminated with fission products and cannot 
be allowed to escape. 

To overcome these a Charge Machine has been designed 
for removal and replacement of elements. This is lowered 
on to a seal door on the rotating shields above the reactor 
vessel, and elements are moved vertically into or out of 
the reactor. The Charge Machine is heavily shielded to 
avoid any radiation hazard to personnel and it embodies 
a cooling system for removing residual heat from the 
elements after withdrawal from the liquid metal. At the 
base of the machine a gas tight door is fitted and this is 
interlocked to ensure that it and the corresponding seal 
door on the rotating shields are closed before the machine 
can be removed from the rotating shields, thus preventing 
direct escape of blanket gas into the sphere. When an 
irradiated element has been raised into the Charge 
Machine it is transported by the large rotary crane to 
the Canning Station at the side of the Reactor Vault. This 
somewhat misnamed facility is where the hot elements are 
placed in transit coffins for removal to the cooling pond. 
Before they reach the pond, all traces of sodium are re- 
moved by soaking in a molten lead bath. After about 
four months in the pond, the elements will go for chemi- 
cal processing. : 

Reprocessed elements are returned from the Chemical 
Plant to an element store in the Element Storage Build- 
ing. When required for use the elements are put in a 
stainless steel can filled with inert gas and raised into the 
Canning Station in the sphere. The Charge Machine 
having discharged an irradiated element into the Canning 
Station now reloads with a re-processed element and }s 
transported to the rotating shields where the re-processed 
element is lowered into the reactor. 

































































Superheated steam will be raised in these secondary heat exchangers which 
use a unique system of bonded tubes. When complete they will be boxed in 





DFR is controlled entirely 
from this centre outside the 
sphere. A graphic panel of the 
whole plant covers two walls— 
primary system facing the 
control engineer, secondary 







panel (@) alarms 
and trips 


panel (8) coolant temp 
and power supply 


panel (C) reactor and primary 
coolant circuit 


pane! (0) summated flow 


panel ) secondary coolant 
circuit and steam raising plant 


and steam system on his right. 
The room itself is within the 
building, allowing ready access 
to the back of the panels 
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Major engineering achievement by Midlands firm 


DFR TANK AND HEAT EXCHANGE SYSTEM 
manufacture and installation 


A MAJOR PART in the manufacture and erection of the 
DFR is being played by companies of the John Thompson 
Group, employing existing and extended manufacturing 
facilities at Wolverhamption, Dudley and elsewhere. 

Plant produced and erected by John Thompson for this 
project includes the complex stainless steel reactor ves- 
sel, the liquid metal circuits, the primary and secondary 
liquid metal and liquid metal/ water heat exchange system, 
and complete steam and water equipment with boilers, 
associated instrumentation and water treatment plant. 

The DFR container is the most complicated stainless steel 
vessel ever produced in Britain, and probably in the world. 
It has taken eighteen months to manufacture. 

While the core of the reactor is only some 21 in. high 
by 21 in. in diameter, the vessel containing the core and 
ancillary parts is 20 ft in height by 14 ft overall diameter 
and weighs 45 tons complete with top shields. 

Tolerances called for in fabrication were quite outside 
normal practice, requiring maintenance of such limits 
as 0-1% circularity, 0-03% alignment and almost perfect 
concentricity where several diameters were involved. 

On the diameter of 14 ft, the fabrication was executed 
to '/,. in. This is particularly significant because of a 
shrinkage of the diameter, due to welding, of } in. Aper- 
tures for control rod mechanisms in the vessel are 
machined to -003 inch and lining-up of the tubes carrying 
these mechanisms had to be to a limit of '/,. in. in a 
length of 15 ft. 


Access problems 

The large number of tubes, pipes and instrument boxes 
built into the vessel are so closely placed and so accurately 
positioned as to give rise to many problems during fabri- 
cation particularly in regard to accessibility for welding, 
sequence of assembly and the overcoming of distortion 
due to welding, machining and stress-relieving. Access 
alone dominated procedure in the fabrication of some 
components of the vessel, and full-size ‘mock-ups’ had 
to be made and special tools devised before it was pos- 
sible to establish a sequence of operations. 

Components of the vessel vary from 12 gauge to 44 in. 
in thickness and a wide range of welding methods were 
used, varying from miniature argon torches to the heavi- 
est ‘ straight ’ electrodes. 

Manipulation also presented a difficult problem. Whereas 
the vessel is rigid when complete with stays and stiffeners, 
special jigs and fixtures were necessary during fabrication 
to allow the larger component structures to be moved 
and handled. During construction, a rigid programme of 
stress-relieving, pickling in stages and intermediate testing 
was adhered to. 

Final pressure and mechanical testing in John Thomp- 
son’s Works were carried out with the container assembled 
complete with top shields and supported in a mounting 
specially erected for the purpose. 





NUCLEAR POWER JUNE 1957 





Seen during fabrication at John Thompson’s Wolverhampton 
works, the core vessel is not yet fitted with its outer 

skin and bottom dome. In the centre is the space for the 

actual core: surrounding it are twelve tubes for the control rods 


Since the primary circuit contains radioactive sodium 
during operation, and the secondary heat exchangers con- 
tain sodium and water circuits, it is essential to ensure 
the highest possible guarantee of leak tightness. This has 
required the development of techniques to enable the 
complete system to be built as butt-welded units with 
argon-arc slag-free seal runs. Valves have been completely 
eliminated from the design. 

Quality control of the highest order was maintained 
throughout manufacture, commencing at the steelmaker’s 
works and including introscope inspection after hot-draw- 
ing. After cold-drawing to size, the tubes are hydraulically 
tested and finally inspected under water while air-filled to 
a pressure of 100 psi. 

At Wolverhampton the tubes were cold bent on a 
mandrel-type machine, using a special lubricant and dies to 
avoid steel pick-up during the operation. They were then 
degreased and the bends subjected to heat treatment to 
remove all bending stresses. Heat treatment was carried 
to a temperature of approximately 1050°F. The tubes 
were then pickled in nitric and hydrofluoric acid to remove 
all scale. 

To allow of radiographic examination, all welds were 
made wherever possible of the butt type. Tubes of thick- 
ness 14 gauge and above are machined on the ends to 
give the correct welding profile (‘/,, in. maximum root 
face, and '/,, in. lip). All branches and drain pockets 
were made by extruding a nipple on to a pipe and butt- 
welding a short length of pipe on to the nipple. 

It is imperative that in the welded liquid metal circuit 
the internal bead shall be as smooth as possible. This was 
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Secondary heat exchange elements consist of a 
centre water tube surrounded by four sodium tubes, 
all bonded together in copper laminations 


achieved by‘control of the argon gas employed in weld- 
ing. By experience a degree of control has been contrived 
which produces a very high quality result in this respect. 

In the welding process, all separate items were accurately 
fitted together with close butt-joints to ensure the best 
possible welding set-up. The inside of the tube was sealed 
off local to the weld with soft rubber bungs, and the space 
between the bungs filled with argon in order to reduce 
internal oxidization and scaling to a minimum. The base 
run of the welds was made with an argon torch, fusing 
the walls of the tube without the use of filler wire. Sub- 
sequent runs were carried out with addition of filler wire 
of high grade stainless steel. 

Completed units were X-ray examined by the double 
wall technique. They were also leak detected by filling 
with nitrous oxide under pressure, with detection apparatus 
placed externally. These two examinations ensure that 
every welded joint is absolutely leak-proof. 


Before leaving Wolverhampton the pipework assemblies 
were hydraulically tested, degreased by pumping a solu- 
tion through the circuit, washed and given a light pickle, 
then dried and treated with heat, filtered air, removing 
all traces of water and dust. Securely fixed rubber caps 
were securely fitted to the pipe ends for transportation. 


Secondary system 


Design and manufacture of the boiler plant involved the 
production of a secondary heat-exchange system between 
liquid metal and water that would be a slave to the 
reactor, controlling the reactor temperature. Whereas the 
temperature rise through the reactor depends on load and 
liquid metal flow, the operating temperature level is con- 
trolled solely by conditions in the secondary heat exchange 
and steam plant. 

With this in view, the plant is designed to give utmost 
reliability by the use of twelve separate small boiler units 
each serving one of the secondary liquid metal circuits 


(and, therefore, two of the primary heat exchangers), and 
by the duplication of most of the auxiliary equipment by 
providing stand-by plant. 


These boiler units will control the temperature of the 
reactor by rejecting heat from the system either to a sea- 
water dump-heat-exchanger or partially to this dump-ex- 
changer and partially to a turbine. They are arranged to 
operate by rejecting heat either from water or from steam. 
By use of a by-pass in the dump-exchange system the 
amount of heat dumped, and therefore the operating tem- 
perature, can be variably controlled. Superheaters and 
economizers are incorporated and can be isolated or 
brought in to suit the requirements of water dumping or 
steam dumping. 


The boiler units are completely instrumented with instru- 
ment panels by John Thompson Instrument Company. 


A complete secondary unit. Seven of these in parallel form a 
complete exchanger. Sodium flows countercurrent to water. 


Feed water for the boiler-heat-exchanger plant is treated 
by two mixed-bed de-ionization units of 1,000 gph output, 
supplied by John Thompson Kennicott Limited, complete 
with valves, piping and instrumentation. 


Erection of the vessel and heat exchange systems trans- 
ported from Wolverhampton in units of limited size is 
being carried out at Dounreay by a John Thompson 
labour force comprised of a large number of engineering 
trades, including specially trained welders for welding up 
the circuit joints to the same very high standard as in the 
works. 


On site, access to parts for erection is a major problem 
which has required careful planning. To carry out erection 
of the complex circuits within the Vault, all large unit 
parts had to be pre-stowed inside before positioning of 
the vessel, main access to the Vault being through the 
central opening into which the reactor vessel is placed. 
It was necessary to stow in this way in pre-planned 
order, some 4,000 sections of stainless steel pipes before 
erection commenced. The erection work inside the Vault 
and the sphere entails the fitting together of all of the 
above-mentioned equipment and stainless steel pipework 
to close limits of accuracy and under conditions of ex- 
treme cleanliness. The sections of pipework are all stainless 
welded by the argon-arc process and there will be ove 
3,000 such welds. On completion of each weld, the joint 
is radiographed and gas-tested to make absolutely certain 
that a perfect joint has been made. 


The Fast Reactor core is contained in a 10 ft 6 in. diameter double-skinned stainless steel vessel closed at the top by a system o 
eccentric rotating shields which give access to any part of the core. Primary sodium enters the vessel at the top and leaves at the botto 
Full details of the core have not been released but working from what is known, NUCLEAR POWER have prepared a speculati 
drawing showing how the core and breeding blanket might be arranged in the tank. The core consists of several hundred fu 
elements of annular cross-section canned in niobium. The blanket is about 2000 natural uranium rods canned in stainless st 
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y, LITERS The Dounreay Works will process all its own reactor ~ 
ALN 
f AN! fuels. New solvent extraction system used "sy 
Rt re al | 
‘ Hy plan 
\ a | that 
<~ GHEMIGAL AND METALLURGICAL PLANT | .: 
-_ Che 
are 
high 
proc 
THE CHEMICAL GROUP at Dounreay consists of four process for fissionable material accounting and plant con- “e th 
main sections. trol. cipi 
i Fuel Element Fabrication The fuel element pieces are transferred to a steam- whic 
ii Chemical Separation and Billet Production heated continuous dissolver containing nitric acid. The -_ 
iii Effluent Disposal overflowing rod solution is conditioned to the correct “ae 
iv Chemical Analysis acidity and passed through a sludge remover, continuous as 
The Fast Reactor Chemical Plant receives irradiated sampler and constant volume feeder to the first cycle Fissi 
fuel elements embedded in lead inside a stainless steel pulsed mixer-settler extraction unit. These are of novel Dur 
container which is transported from the reactor to the plant design and only about the size of a small suitcase. For side 
in a shielded coffin. The elements are first mechanically the Dounreay process, tributylphosphate has been chosen and 
decanned, then dissolved in nitric acid and passed through as the solvent instead of the dibutylcarbitol used at Wind- Mat 
a four-cycle solvent purification process which yields pure scale. This is found to be preferable and is also cheaper, proc 
uranyl nitrate, plutonium nitrate and fission product waste. since the TBP is diluted with kerosene. The TBP flows Rec 
The pure uranium solution is transferred to the billet counter-current to the rod solution and preferentially ex- uon. 
production plant, the plutonium to Windscale Works and tracts the fissionable material from the bulk of the fission an < 
the fission products to the Highly Active Liquor Evapora- products which run to the Highly Active Liquor Evapora- back 
tion and Storage Plant. tion and Storage Plant. The uranium and plutonium are the 
The process equipment is designed so that it is dimen- then recovered from the solvent by back-washing with Elen 
sionally safe for any mass or concentration of fissionable nitric acid in another contactor. The backwash solution is Fe 
material. Before the separation of the majority of the reconditioned and passed through a second and similar Iree 
fission products, operations are carried out behind 4 ft cycle to remove further fission products. The uranium is lies. 
thickness of concrete biological shielding. The radiation separated from the plutonium in a third solvent extrac- proc 
is removed by chemical processing until eventually the tion cycle and the purified uranyl nitrate is transferred as whic 
material can be handled in glove boxes. Provision is made required from storage tanks to the metal production plant. T 
for accurate metering and sampling at all stages of the The plutonium is subjected to another purification cycle of c 
fron 
Pers 


Flow diagram shows life history of Fast Reactor and Materials Testing Reactor fuel elements. Fresh natural 
uranium comes from the AEA’s Springfields Works, enriched material from Windscale 
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followed by concentration by evaporation and transfer to 
Windscale Works for processing to metal. 

There are two identical cells in this plant and in each, 
all pipework and some vessels are duplicated. A similar 
plant handles DMTR elements, differing from this only in 
that a certain amount of aluminium has to be dealt with. 

Aqueous solutions of uranium are transferred from the 
Chemical Separation plant to Metal Production where they 
are concentrated by evaporation and stored. Addition of 
high- or low-enriched uranium is made, as necessary, to 
produce the required enrichment and purity. The material 
is then passed through a series of processes involving pre- 
cipitation, drying and conversion to uranium tetrafluoride. 
which is then reduced with calcium to give a uranium 
billet and a slag. The billet then passes to the Fuel Element 
Fabrication processes. 


Fissionable material recovery 


During metal production some uranium is retained in 
side streams e.g. in the super-natant liquor at precipitation 
and in the slag formed during the billet formation. 
Material for recovery also arises from the fuel element 
production processes. These materials are processed in a 
Recovery Section through the stages of dissolution, filtra- 
tion, solvent extraction (for removal of impurities), to give 
an aqueous solution of uranium pure enough to be fed 
back to the Metal Production Section after blending with 
the main bulk of solution coming forward from the Fuel 
Element Chemical Separation Plants. 

Following chemical separation the uranium solution is 
free from gross beta-gamma activity and low in all impuri- 
ties. As a result precautions need to be taken in the metal 
production plants only to ensure safety from alpha activity 
which arises mostly from small amounts of U-234 present. 

The billet production plants are in the form of a series 
of dry boxes, mostly 3 ft by 3 ft and 2 ft from back to 
front and made in stainless steel. The operating face is of 
Perspex, fitted with rubber gloves for access to the equip- 
ment. A second Perspex panel is fitted in front of the 
box with openings to the gloves. Air flows through these 
Openings towards the box and is extracted into ducting 





Pure uranyl nitrate solution is converted into metal billets 
in one of these lines of glove boxes. Movement of material 
from unit to unit is by a transfer tunnel beneath the boxes 


above for final discharge by way of the ventilation chim- 
ney. This gives complete protection to the operator from 
alpha activity and enables operations to be carried out 
with the minimum of remote control and the maximum of 
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The highly-active fission product stream will be 
concentrated for storage in two of these evaporation 
plants which are inside concrete cells. When they are 
commissioned, access here will be impossible 


visibility. In normal practice each dry box contains one 
unit of operation, transfer to adjacent units being made 
by a tunnel beneath the boxes. 

Manipulation of the process is carried out from the 
Operating Area. Maintenance, sampling, etc., are carried 
out from the Access Area which is isolated and to which 
entry is made through a Sub-change Room. 

As an added precaution ventilation air is arranged to 
flow always towards the line of boxes making up the 
operating units and is extracted above them between the 
Operating and Access Faces. 


Disposing of fission products 


For overall supervision of the processes about a hun- 
dred chemists and physicists are employed in the control 
laboratory which is equipped for modern physico-chemi- 
cal methods of analysis with mass spectrometers, high 
resolution spectrographs, infra-red and X-ray spectrometers. 
Many of the materials to be examined are highly radio- 
active and much of the work has to be carried out in hot 
cells using the new Dounreay manipulator. 

It is the function of the Highly Active Liquor and 
Storage Plant to concentrate and store the fission product 
solutions arising from the chemical separation plants and 
the highly active laboratories. The highly active effluent 
arrives at the building via two separate pipe lines, one 
carrying evaporable liquor and the other non-evaporable 
liquor. The latter is from the DMTR Chemical Separation 
Plant and contains sufficient aluminium nitrate to make 
evaporation inadvisable because of crystallization dangers. 
This non-evaporable liquor passes direct to storage and 
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The isotopic enrichment of the nitrate solution is adjusted by re-enrichment and it is 
then converted to metal by precipitation, fluorination and calcium reduction 


the evaporable liquor is directed to holding tanks in the 
building. 

From the holding tanks the highly active liquor is trans- 
ferred batchwise to a constant volume feeder in the 
evaporation cell. It is then fed through a steam strip 
column, which removes the volatile tributylphosphate and 





Wearing an inflated plastic suit, a process worker 
enters a cell in the highly-active laboratories. 
Above is one of the new ‘ Dounreay ' manipulators 
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kerosene, and then to a continuous steam-heated evapora- 
tor. The concentrated fission product solution is trans- 
ferred to storage and the condensate from the evaporation 
is monitored and discharged to sea. 


Vacuum lift pumping 

The plant is constructed so that all the active section of 
the plant is situated behind concrete biological shielding 
with all control equipment situated outside the shielding. 
Where there is a hold-up of a large volume of concentra- 
ted liquor in a vessel inside the evaporation cell, shield 
plates of mild steel are erected to reduce the thickness 
of the concrete shielding required. As in the chemical 
separation plants, there are two identical cells. 

in highly active plant pumps and valves are impractic- 
able so vacuum lift techniques are used to carry out liquor 
transfers, the steam ejectors being outside the biological 
shield for ease of maintenance. 

The low radioactive liquid wastes from all the chemical 
plants, reactors and active laboratories are discharged 
direct to two effluent holding pits and thence to sea. A 
tunnel is being constructed to take a pipe line out to sea 
for the discharge of low active effluent since the nature 
of the sea bed and difficult tidal conditions made it im- 
practicable here to adopt the straightforward pipeline 
method used at Windscale Works. 


Central air extract 

Most buildings are divided into working and plant areas 
Fresh air enters the working area and is extracted from 
the plant area. In operations where active dust or gas Is 
produced, all work is carried out in glove boxes. A special 
extract system removes the contaminated air and passes 
it through special filters to the main extract system. 

The extract from each building is connected to a main 
duct which runs the full length of the chemical plant and 
terminates at the fan house and stack. For normal opera- 
tion two fans each driven by separate electric motors pro- 
vide the extraction. In the event of an electrical supply 
failure a diesel engine automatically cuts in and drives 
one fan only, thus ensuring continuity of extraction in all 
cases. 
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Engineering studies aim of Britain's 
third high-flux research tool 


TO SPEED RESEARCH into problems of power reactors, 
the Dounreay Materials Testing Reactor is being con- 
structed. Due critical early in 1958, DMTR will enable 
materials of construction, fuels, canning materials, cool- 
ants and heat transfer media to be irradiated under speci- 
fic design conditions which can be related to those in a 
full-scale power reactor. 

This materials-testing facility is an enriched-uranium 
heavy-water moderated and cooled thermal reactor with 
a peak flux of 10'* thermal neutrons at 10 megawatts and 
is a replica of PLUTO, now under construction at Harwell. 
The DMTR and PLUTO reactors are generally similar to the 
DIDO reactor which was inaugurated at Harwell last 
November but their experimental facilities are fewer and 
larger, so that bulky engineering test rigs can be accom- 
modated. 

The core of DMTR consists of 26 box-section fuel ele- 
ments mounted vertically in a cylindrical aluminium tank 
containing heavy water. This is surrounded by a graphite 
reflector and the whole enclosed in a steel tank surrounded 
by a lead shield. Further shielding is provided by concrete 
walls which contain the reactor in a cube of 20 ft side. 
The reactor is controlled by 7 cadmium-loaded coarse 
control arms of the signal-arm type which move between 
the fuel elements, and a single vertical fine control rod. 
In addition there are two shut-down rods. The reactor 
is mounted directly above the heavy water plant room 
which houses pumps and heat exchangers to reject the 
heat from the heavy water coolant to a light water circuit 
which in turn dissipates the heat to atmosphere in eight 
cooling towers situated outside the reactor. 

The experimental facilities consist of four vertical 7 in. 
dia. and four vertical 4 in. dia. tubes in the heavy water 
and six vertical 4 in. dia. tubes in the graphite reflector. 
In addition, there are four horizontal 7 in. dia. tubes which 
pass through the reactor close to the reactor core. 

The reactor is housed in a sealed cylindrical steel build- 
ing 70 ft high and 70 ft dia., access to which can be 
obtained only through air locks, One of these is large 
enough to admit a truck. 


Manufacturing DMTR elements 

Fuel elements are fabricated at Dounreay for DFR and 
DMTR in special production lines. The pmTR plant will 
not only supply the Dounreay model but also eventually 
all this class of reactor at home and abroad. It will also 
provide fuel for the AEI MERLIN reactors, the prototype 
of which is nearing completion at the company’s research 
laboratories at Aldermaston. 

No details of the DFR elements have been released but 
the DMTR production line has been shown. 

The element box—25 in. long and 2} in. square—nor- 
mally consists of ten curved fuel plates bracketed by 
two aluminium cover plates, the plates being separated 
by spacers at the edges. Each fuel plate is a sandwich 
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DMTR’s aluminium core tank is lowered into its 
graphite reflector. Heavy water enters the tank through 
three vertical pipes, leaves through the other three 


about '/,, in. thick. The ‘meat’ is an alloy of enriched 
uranium and aluminium, about '/., in. thick. The * bread ” 
is aluminium. Each plate contains about 100 gm U-235. 
Uranium-aluminium alloy is prepared in a vacuum fur- 
nace and cast into billets, which are then rolled into strip 
and accurately punched to the required weight and dimen- 
sions. These are enclosed in an aluminium plate sandwich, 
welded round three sides, and rolled down to the finished 
thickness at 600°C which provides complete surface weld- 
ing. The plates are then assembled in a Nimonic jig with 
channel sections of aluminium coated with aluminium- 
silicon alloy, and dipped into a flux bath which melts the 
aluminium-silicon alloy to produce a strong rigid assembly. 
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by D. CAMERON LINDSAY, BSc, AMICE 
Chief Engineer, Whatlings Led, Main Contractors to the UKAEA 


CIVIL ENGINEERING AT DOUNREAY Sy 


THE ROYAL CHARTER of 1828 granted to the Institu- 
tion of Civil Engineers describes the profession as the art 
of directing the great sources of power in Nature for the 
use and convenience of Man. \t is appropriate, therefore, 
that more than a century later the civil engineering pro- 
fession should be playing a major part in the development 
of atomic power. 

At Dounreay the three main factors which had to be 
considered were speed of construction, standard of work- 
manship and cost of construction. No praise can be too 
great for the magnificent progress made by British scien- 
tists in the field of atomic energy and the construction 
engineers on Dounreay appreciated the responsibility 
which rested upon them in making the works ready for 
commissioning at the earliest possible date, so that the 
initiative so far gained for the country should not be lost. 
To this end, the overall programme required by the 
Atomic Energy Authority was sub-divided in complete 
detail on the site, and once the dates were determined 
these were adhered to throughout. 

The preparation of this programme and meticulous ad- 
herence to it was in itself no mean feat, for two reasons. 
Firstly, in consultation with the Design Engineers, the 
work had to be phased in such detail that the Electrical 
and Mechanical Engineers could begin their operations 
at the earliest possible moment and without hindrance. 
Secondly, the weather conditions at Dounreay were par- 
ticularly arduous, but this was appreciated and faced up 
to in such a manner that they were successfully overcome, 
and construction was able to proceed at full speed and 
virtually without interruption over two winter periods. 

The Design and Construction Engineers on Dounreay 
worked together in the closest cooperation throughout the 


The foundations of the sea-water pumphouse are 
20 feet below Ordnance Datum in solid rock. 
Excavations amounted to 3500 cubic yards of spoil 
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works, and it was soon evident that the class of workman 
ship which was required for such a project was much 
higher than that called for in normal construction. This 
point raised major problems inasmuch that it had to be 
established from the ordinary labourer to the ganger, the 
foreman and the Junior Engineer setting out the works. 
that the degree of accuracy and standard of workmanship 
must be extremely high. That this was successfully 
achieved, is a tribute both to the workmen concerned and 
the supervisory staff on the site. 

While it was of paramount importance that Dounreay 
was available for operation at the earliest possible date, the 
cost of making this possible was always kept strictly under 
review. On first thought, the labour force and plant re- 
quired to carry out such a large volume of work in a 
short period might be considered to result in high con 
struction costs. In fact, exactly the opposite results were 
achieved and the cost of carrying out the work compares 
favourably with that for any civil engineering works in 
the country. The credit for this performance must again 
be given to the extremely detailed planning and fore- 
thought given to all the varied operations, resulting in 
efficient output being obtained. 

Each of the above considerations played a large part in 
the following major sections of the work on the project. 


Concreting in the Sphere 

The predominant feature at Dounreay is, of course, the 
sphere which houses the fast reactor. Foundation work 
was carried out at the commencement of the contract and 
the steel erectors then constructed the bottom hemisphere. 
At this stage, the concrete shield to the reactor had to be 
placed in position, and as this work had of necessity to 
be carried out during the winter months, special planning 
was required to ensure that the work would not be inter- 
rupted. One factor to be considered was the effect of the 
very strong winds experienced at Dounreay which were 
quite commonly of gale force. To place concrete by 
derrick in such conditions would have been quite impos- 
sible, although an orthodox construction method. It was. 
therefore, decided to devise a method of using some of 
the erection equipment employed by the steel erector, and 
this was successfully achieved, resulting in both continu 
Ous progress on the work and also an economical method 
of construction. It was also found necessary to afford 
some protection from the elements to the workmen in the 
sphere, and this was obtained by providing a canvas 
‘umbrella ° across the top of the hemisphere. 

The concrete in the sphere provides a biological shield 
and therefore it had to be of very high density. There were 
a large number of holes provided in the shield through 
which stainless steel pipes carrying the liquid sodium cool- 
ant must pass. These in turn had to line up with holes 
in the skin of the pressure vessel and therefore had to 
be positioned with great accuracy, and having been so 
positioned had to be maintained there while concrete was 
placed around them. Bearing in mind that the concrete 
had to be worked intimately around the pipes to avoid 
any voids which would cause radiation leakage through 
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the biological shield, this was a task calling for consider- 
able skill and care. 

it will be appreciated that at this stage in the construc- 
tion of the reactor, no further progress could be made 
by the electrical or mechanical engineers until the con- 
crete work had been completed. At the same time, the 
concrete construction had to be of such a standard that 
complete shielding was achieved. Considerable care had to 
be given in the form and location of construction joints, 
so that the minimum periods would be required to allow 
for contraction of the concrete while curing, before fur- 
ther concrete could be placed adjacent to, or on top of 
it. In this connexion also, the concrete mix was very care- 
fully designed with the minimum amount of cement and 
minimum water:cement ratio to reduce the shrinkage, 
while curing, as much as possible. Notwithstanding these 
requirements, it had to be borne in mind that the concrete 
was very heavily reinforced with steel and riddled with 
pipes and ducts, and adequate workability had to be 
attained. In the event, an ideal mix was designed for the 
purpose. Particular attention was also paid to thorough 
scabbling of construction joints, to provide a thoroughly 
satisiactory shield. 

In normal circumstances, the various trades and opera- 
tions required, such as steel erectors, welders, reinforcing 
steelfixers, and concretors would be given a clear period 
tor each to carry out his operation. In view of the urgency 
of the work, however, this was not possible in the sphere, 
and each of these operations was being followed very 
closely by the next. As the accuracy of positioning pipes 
which was called for by the design was almost of a degree 
required in shop conditions, it is a tribute to all concerned 
that this complete stage of the work was carried out con- 
tinuously and successfully. It is of interest to note that, 
in fact, the last pour of concrete was placed on the pro- 
gramme date, to the day. The remainder of the sphere 
was then constructed, and in due course, the roof of the 
vault was concreted, again calling for the same skill in 
placing the concrete around many pipes and ducts. 


Sea-water pumphouse 

Another outstanding feature of the site is the sea intake 
and sea water pumphouse. This section of the work is 
situated on the exposed coast adjacent to the site, and the 
construction of a channel in the rock from the sea bed to 
the pumphouse proved to be a major problem. High 
water mark at the site of the intake channel is approxi- 
mately +12 O.D. and the sea bed had to be excavated 
to a level of 16 O.D. In order to form the channel, 
three reefs of rock had to be removed. The reefs were in 
a ‘saw tooth’ formation, and only one of them was ex- 
posed at low water mark, the other two being permanently 
under water. 

While the innermost ridge could be seen at low water, 
this was only to a very marginal extent, and it was found 
necessary to drill 60 ft-long holes from the vertical face 
of the saw-tooth seawards. This enabled the drilling opera- 
tions to be carried out in the dry without the use of divers. 
The long holes were charged with submarine blasting 
gelatine in prepared form, being sheathed in copper to 
form a 60 ft length. These charges were detonated from 
the shore and removal of the blasted rock was commenced 
using a double drum winch and steel scraper bucket. A 
‘dead man’ was formed in the sea bed some distance 
from the shore, by a diver drilling a suitable hole into 
which a substantial steel pin was driven. To this was 
attached a pulley through which the wire rope from the 
winch was passed. The reversible motor on the winch 
allowed one drum to rotate so that the wire rope pulled 
the empty bucket seawards, while the other was then able 
to pull it shorewards loading shattered rock. 
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Operations on the shore were never easy— 
occasionally impossible. Behind these men 
is one of the rock ridges which gave so much trouble 


Even the removal of this innermost ridge was difficult, 
due to the very rough sea conditions experienced on the 
coast at Dounreay. The sea can never be considered to be 
calm in the normal sense, and at best it is subject to a 
heavy swell while, normally, waves are breaking on the 
shore with such regularity that the area of the channel is 
covered in white foam. During the excavation of blasted 
rock by the scraper, it was necessary for divers to inspect 
progress and to do some secondary blasting under water 
of pieces of rock, too large for the scraper bucket to 
handle. It is a measure of the forces of the sea action in 
in this area that the divers had to be continually alert 
in case their air lines were nipped by pieces of rock 
moving in the underground swell and falling on to them. 

The two other ridges out to sea, however, which were 
continually under water, formed the major problem. These 
extend about two hundred and twenty feet from the shore 
seawards, and every method available was attempted 
to carry out the work in the conditions encountered. 
In the first instance, divers drilled the rock under- 
water and charged the holes, bringing the instantaneous 
detonating fuse of the charges ashore to the firing battery. 
This work was done only in the best conditions when 
there was a swell on and not a heavy wave action at the 
shore. Nevertheless, it was a most arduous procedure, be- 
cause the divers had to carry their drilling equipment out 
from the shore each time to the new drilling position 
before beginning any productive operation, and then bring 
it all back to the shore again after their shift’s work, as 
the sea conditions were normally so bad that to leave the 
equipment on the sea bed would have resulted in its being 
quickly lost 

It can be seen, therefore, that this was a slow, strenu- 
Ous operation, very much at the mercy of the elements. 
It was eventually found that the distance from the shore 
was too great for the divers to carry on with the above 
method, and a trawler was hired on which was mounted 
an air compressor for operating the drilling equipment. 
This was able to be brought inshore in suitable conditions 
to allow the divers to operate direct from the boat and 
so increase the time they were able to work on the sea 
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ee 
The effluent tunnel is being driven in Caithness Flagstone 
to a point about 2000 feet out in the Pentland Firth 


bed. The times when the trawler could be brought near 
enough to the shore were, of course, very few, and so no 
regular programme of work could be formed. The forma- 
tion of a rock bund, tipped from the shore along the line 
of the channel, with its top level above high water mark, 
was considered as a method of reaching the outermost 
ridges of rock. This would also have enabled an excavator 
to remove rock and load it into transport for quick dis- 
posal. Experience had shown, however, that such a bund 
would have disappeared in a very short time, no matter 
its dimensions, due to the force of the wave action. The 
problem, therefore, was only resolved by patience and 
perseverance in face of most difficult conditions. 


Effluent tunnel 

The disposal of low-active waste from any atomic 
energy undertaking is always a problem, and Dounreay 
was no exception in this case. As emphasized in the des- 
cription of construction of the sea intake channel, sea 
conditions on the coast have to be seen to be believed. 
It was, therefore, found to be impossible to construct a 
pipe line on the sea bed running from the shore, of a 
sufficient distance into the sea to ensure that low active 
waste would be adequately diffused in the sea water, so 
that no harmful effects might occur. The uneven nature 
of the sea bed, together with the furious tidal effects, 
simply ruled this out. It was, therefore, decided to examine 
the rock formation adjacent to the site, with a view to 
tunnelling under the sea for a distance of approximately 
two thousand feet. 

After expert geological opinions had been obtained, it 
was agreed that this should prove possible and, from the 
information obtainable and inspection of the site, should 
not prove too difficult. The sea bed along the line of the 
proposed tunnel was surveyed by divers and the section 
plotted to decide at what level the tunnel must be driven. 
It was eventually decided to drive the tunnel approxi- 
mately nine feet square in section at an invert level of 

159 O.D. sloping upwards to the seaward end at a gradi- 
ent of | in 200. To do this a shaft, some 15 feet in 
diameter, was sunk to a depth of 200 feet, and tunnel 
driving was commenced. At the same time, a sloping adit 
at a grade of | in 3 was being driven, which would be 
used as permanent access to the tunnel, and through which 
the effluent pipes could be led from the storage tanks to 
the disposal point. 

Work went ahead quite steadily and satisfactorily, bear- 
ing out the original opinions about ground conditions, 
until the tunnel had been driven for about half its length. 
The rock up to this point had been as expected, the 
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(country) Caithness flagstone lying at a dip of about | in 
7 seawards, joints quite tight, and an adequate roof sup- 
port being obtained using rock-bolts. The rock conditions, 
however, changed very suddenly, and it was found that 
it had become badly fissured and crushed, and a sub- 
stantial quantity of water was coming into the tunnel from 
the sea-bed. 


Safety precautions 

While it was hoped that the task would not prove too 
difficult, nevertheless this possibility of water from the 
sea-bed had, of course, received serious consideration. 
Large pumps capable of dealing with 60,000 gallons of 
water per hour, had been installed at the foot of the shaft 
at the earliest possible moment, and these were of the sub- 
mersible type, so that during any flooding which might 
occur they would still be operable. 

As soon as tunnel driving commenced, a routine was 
established whereby three exploratory holes were drilled 
some 40 feet in advance of the face, two of those being 
in the shoulders of the tunnel and one in the centre. The 
purpose of these was to test for any large fissures which 
might lie ahead of the face, so that any water coming 
through these fissures could be dealt with before the tunnel 
face arrived at that point. In order to ensure the safety 
of the workmen, heavy bulkhead gates were constructed 
in the tunnel at 500 feet intervals, so that the men could 
fire the tunnel face from behind these doors. In the event 
of any sudden ingress of water after firing, this would 
be stopped by the bulkhead, and the men could evacuate 
the tunnel in safety. 

Notwithstanding all these precautions, it had _ been 
naturally hoped that they would never be required. Up to 
1,000 feet of tunnel having been driven under the sea 
bed, any water coming through the rock into the tunnel 
had been fresh water. At 1,000 feet however, the water 
changed to salt water and while the quantities coming 
into the tunnel through the exploratory holes were con 
siderable, they were well within the capacity of the pumps. 
A system of grouting the face with cement grout until 
refusal, retesting for water by exploratory holes, re- 
grouting and retesting if required, and then advancing the 
face was established. The rock conditions were so bad. 
however, that this process proved far more protracted than 
might have been expected. The fissures encountered were 
very wide, up to 9 in. in places, and had a very open con- 
nexion to the sea bed. However, by careful grouting these 
were all successfully passed over a length of about 400 ft. 
and the tunnel is now being driven through much better 
rock, and only approximately 200 feet remains to be com- 
pleted. 


Combating the weather 
At the end of the tunnel, 2,000 ft from the shore and 
140 ft below water level, a diffusion chamber will be ex- 
cavated. It is intended to drill a number of 3 in. dia. holes 
from the roof of the chamber through to the sea bed. A 
survey by diver has revealed a satisfactory level surface 
of rock on the sea bed at this point, so that a neat hole 
can be expected where it breaks through the surface. In 
the diffusion chamber, a pipe and valve will be fitted to 
each hole, and these will then be connected to a manifold 
on the main effluent pipe, which will be led from the 
storage tank through the tunnel to the diffusion chamber. 
This pipe will be surrounded by concrete throughout its 
entire length. The low active effluent will then be dis- 
charged through the 3 in. dia. holes into the sea and dif- 
fusion will be satisfactory. 

A less spectacular part of the civil engineer’s responsi- 
bility at Dounreay, but a most important one, was the 
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construction of the many buildings on the project. From 
the engineering point of view, a considerable amount of 
accurate setting out was required in connexion with the 
many ducts which have been formed in the floors of the 
buildings, otherwise the problem was again largely one of 
detailed planning and administration. In the case of the 
building works, however, this was more necessary than 
on any other part of the works, in view of the large num- 
ber of various trades which had to have a dovetailed pro- 
gramme to ensure the earliest possible completion of the 
buildings for handing over to the Authority for permanent 
occupation. The effects of weather on the progress of the 
building construction had again to be minimized as much 
as possible, and to this end wind shields were provided 
for bricklayers, using canvas attached to light wire mesh. 
Without this and other precautions, there would have 
been many occasions when work would have had to be 
suspended. 


Concrete mixing 


As has already been mentioned, the cost of construc- 
tion on the project was constantly under review. In view 
of the fact that all sections of the site required the use 
of concrete, a batching plant was established to run on 
the lines of a concrete factory. This proved to be most 
efficient from the consideration of cost, as each Section 
Engineer had the responsibility of placing an order for 
a precise quantity of concrete for his part of the work 
for morning or afternoon at least two days in advance 
of his actually requiring it. This order was placed with 
the Concrete Control Engineer who was responsible for 
the batching plant. Whilst the system was not completely 
rigid, nevertheless it worked at a very high efficiency, and 
this resulted in the production of concrete continuously 
over every working hour in the week. : 

The batching plant consisted of two Winget EM.21 con- 
crete mixers and two Blaw Knox weighbatchers. It was 
sited at a central point on the site and mixed concrete 
was distributed, using lorry-mounted 4 cu. yd. transit 
mixers. The Atomic Energy Authority set up a concrete 
laboratory on the site administered by a Concrete Con- 
trol Engineer, for the purpose of designing suitable con- 
crete mixes and to carry out regular tests on the strength 
and density of the concrete being produced. Very ex- 
tensive tests were made of the concrete, sand and aggregate 
at the commencement of the Contract, in order to provide 
mixes which were suitable for each particular part of the 
Works. Tests were also made using additives to increase 
workability, while keeping the mixes very lean in cement, 
and with minimum water: cement ratio. 

In general, the main classes of concrete were made from 
the materials mixed in the following proportions, and 
using Conplast as an additive. 





Class Cement Fine Coarse W/C Density Strength Strength 
pounds Agg. Age. Ratio (min) at7 at 28 
pounds pounds (max) lb/cu ft days days 

lb/sq. in. lb/sq. in. 
A 325 550 1045 0°45 145 2,500 3,750 
B 260 575 1075 0-46 145 2,000 3,000 
C 195 595 1115 0-50 145 2,000 3,000 
D 170 605 1,135 0-60 145 1,200 1,800 

E 110 605 1,135 0-80 145 ~- ~ 


Average Density of cubes actually 150 1b/sq. in. Crushing 
Strengths invariably 50 per cent above those tabled 


It will be seen from these figures that the concrete mixes 
adopted yielded very fine concrete at very low cost, and 
the investigations carried out by the Authority caused 
great savings in the cost of the works. 
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During construction a central concrete weighbatching 
serving the whole project was set up. The reactor 
vault was poured with the sphere half-completed 


A Concrete Control Engineer was also appointed to the 
construction organization, and he worked closely with his 
colleague in the Authority in ensuring that the control 
on the batching plant was of such a high standard that 
the concrete actually produced was consistent with that 
produced in the laboratory. In general, concrete was placed 
and compacted with electric vibrators. In certain parts 
of the work where concrete of exceptionally high density, 
even for Dounreay, was required, barytes formed the 
coarse aggregate. This had to be placed around many pipes 
and ducts, and it was found necessary to employ vibra- 
tors of the highest frequency manufactured in the country, 
in order to obtain the required degree of compaction. The 
coarse and fine aggregates were obtained from local re- 
sources, and the Concrete Control Engineer’s responsibili- 
ties extended to the sand and gravel pits to ensure that 
the screening arrangements were maintained, so as to keep 
the grading of the material completely uniform. 

Concrete work was carried on successfully over the 
winter periods by using heated aggregates and heated mix- 
ing water at the batching plant. The aggregates were heated 
by the use of steam. Steam was also used to heat pipes at 
the site where the concrete had been placed, and these 
pipes placed under hessian covers, provided sufficient heat 
to ensure that the concrete would set without injury from 
frost. 


Britain’s lead 

It would not be true to say that the construction of the 
Dounreay project is completed ; much has still to be done. 
It is, however, true to say that much more than the outline 
of the original design is a reality, and a reality in no more 
than the planned constructional period. 

The credit for this worthwhile achievement cannot go 
to one person or group of persons. Credit goes to the 
United Kingdom Atomic Energy Authority and its scien- 
tists and engineers who dreamed, designed and planned 
the project. It goes to the contractors who took the draw- 
ings, information and carried out the physical work. It 
goes to the consulting engineers who guided and advised 
as the work proceeded, and it goes to the Trade Unions 
who assisted so much in maintaining good relations 
between employers and labour. 

At the time work started at Dounreay, Great Britain 
held a substantial lead in the peaceful application of atomic 
energy. The construction of this major experimental station 
will do much to ensure that this lead is maintained. The 
profession and industry of civil engineering take consider- 
able pride in having been jointly responsible for a major 
part of this achievement. 
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The DOUNREAY FAST REACTOR will produce 
more fuel than it consumes—and power too 





HERE IS HOW IT WORKS 


THE WHOLE NUCLEAR reaction takes place inside a 
stainless steel core vessel (1) and the heat produced is re- 
moved by liquid sodium metal kept circulating through the 
tank to 24 heat exchangers (10) by electromagnetic pump; 
(5). One difficulty of handling liquid metals is that oxide 
tends to accumulate at the coolest part of the circuit. This 
is actually used to advantage by having a special cool part 
in a by-pass known as the cold trap (21) in which the 
oxide can build up without choking the main circuit. All 
this part of the plant is highly radioactive so it is con- 
tained inside a massive concrete bowl known as the Vault 
(13). Even when the reactor is shut down a considerable 
amount of heat is still evolved from what are called decay 
products. This heat is removed by the ,thermal syphon 
circuit (33, 34) which takes it to a heat exchanger in the 
base of the stack coming from the Active Element Storage 
Building (26). This works by natural convection and would 
function even if there were a complete power cut. 

The reactor Vault and all the radioactive part is con- 
tained inside a huge steel sphere, access to which can be 
obtained only through the air lock (23). The purpose of 
the sphere is twofold: (i) If there were any escape of 
radioactivity it would be contained and not allowed to 
contaminate the surrounding country ; (ii) sodium is rather 
inflammable and if a fire occurred the sphere would keep 
it under control. The radioactive sodium in the primary 
heat exchangers gives up its heat to sodium in another 
circuit which never comes in direct contact with the primary 
coolant and so does not become radioactive. Thus it can 
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be taken out of the sphere safely and used to raise steam. 

This is done in the Heat Exchange Building (29) in a 
bank of secondary heat exchangers (45). These are designed 
so that accidental contact between sodium and water is 
practically impossible. 


Loading the fuel 
The steam is superheated in a special section of these 
heat exchangers and taken to the power house (28) where 
it is used to generate electricity in a 15,000 kilowatt turbo- 
alternator. After leaving the turbine the steam is condensed 
by sea water and fed back to the boilers. Sometimes it may 
not be desired to run the turbine, so special dump con- 
densers are provided in which the heat can be wasted. 

The reactor vessel is closed at the top by a complicated 
system of rotating eccentric shields (2). When it is neces- 
sary to remove fuel the shields are turned until the 
charge hole is directly over the element selected. A heavily 
shielded charging machine (39) is now brought over the 
hole by the rotating crane (7) and the sealing plug re- 
moved. The hot fuel rod is then brought up into the 
charge machine and removed to the canning station. Here 
it is put into a heavily shielding transit flask and removed 
from the sphere to the chemical processing plant where, 
if it is a fuel element, it is purified for further use; if it 
is a breeder rod, the bred plutonium fuel is separated from 
the uranium. 

During operation, the inside of the Vault becomes very 
hot and it is kept at a constant temperature by a system 


dump condenser 
uses steam when 
turbine is not 

~~ working 





stop valve 


sea water 


turbine generator 




















eat is transferred 
from active circuit to 
non-active circuit 
inside sphere 


breeder 
blanket 


boiler circulation pump 


heat is transferred = 
from non-active 
sodium to water 


boiler | | condenser 
feed pump 
pump 











SAT 





turbine 
condenser 














supplies of this, unfolded, are available from NUCLEAR POWER, Price 2s. post free 


Numbers refer to this 3 ft by 2 ft full-colour cutaway drawing of the DFR. Limited > 
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COSTAIN-JOHN BROWN LTD London 
CROSSLEY BROS LTD Manchester 
THE ENGLISH ELECTRIC CO LTD Stafford 
ALEX. FINDLAY & CO LTD Motherwell 
THE GENERAL ELECTRIC CO LTD London 
MOTHERWELL BRIDGE AND 
ENGINEERING CO LTD 
A. REYROLLE & CO LTD 
JAMES SCOTT & CO LTD 
JOHN THOMPSON LTD 


Goliath crane in sphere 

Installation of instrumentation 

Diesel generating plant 

Electromagnetic pumps 

Structural steelwork 

Turboalternator plant 

Motherwell Containment sphere 

Hebburn Switchgear 

Glasgow Electrical services 

Wolverhampton Reactor vessel, heat exchangers, 
steam raising plant 

Main building and civil 
engineering 


WHATLINGS LTD Glasgow 


CONSULTING ENGINEERS 


BINNIE, DEACON AND GOURLEY London 
EWBANK AND PARTNERS London 
SIR WILLIAM HALCROW AND 

PARTNERS London 


Fresh water supply 
Turbine plant 


Sea water works 
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of nitrogen cooling (53). To give instant warning of any 
leaks the active parts of the circuit are fitted with a gas 
blanket system (37), samples from which are constantly 
being ‘sniffed’ by instruments which can detect the least 
trace of radioactivity. 

If the core is the heart of the plant, the Control Room 
(18) is the brain. It is built in the form of a room-within-a- 
room to eliminate any trace of dust which would upset 
the functioning of the delicate instruments. Here, scientists 
and engineers will be able to find out how to make 
Britain’s power stations of the future. 


What the DFR will do 


Britain already knows how to make one ton of uranium 
metal do the work of 10,000 tons of coal in the new 
nuclear power stations now being built for the Central 
Electricity Authority. This sounds a lot but actually it is 
not a very efficient utilization of nuclear fuel and Harwell 
scientists have now proved that it should be possible 
to increase this by 100 times. We can thus hope eventually 
to extract from one ton of uranium the energy that would 
be produced in burning one million tons of coal. It is 
to find out just how to do this that the Dounreay Fast 
Reactor is being built. The prRr in fact is a colossal 
engineering experiment and though it will produce some 
power its main object is to pave the way for a new type 
of power station which we shall be building about 1970. 
The principle behind it is this. It has been found that 
all reactors, in addition to consuming nuclear fuel, actually 
create some. In the Calder Hall type of reactor the 
amount produced is less than that consumed, but by a 
Special arrangement of the fuel it has been proved that a 
type of reactor can be built which will actually produce 
more than it burns; these are called breeder reactors. This 
may seem a violation of some fundamental law of nature 
but it is not so. All matter contains nuclear energy, but 
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120 days to allow 
radioactivity to die away 


Plutonium for other reactors 
\ 


~ 


so far we know how to release it only in a few very rare 
materials like U-235. It has been found, however, that 
certain common materials, such as ordinary uranium and 
thorium, can be made into what are called fissionable 
materials and used as atomic fuel. Further, this can be 
done as a by-process in a nuclear reactor. Thus we are 
not creating a new energy source but merely providing 
a key to obtain energy that was there all the time—but 
inaccessible to us. Reactors that breed fissionable material 
are also called fast reactors not because they produce 
power at a rapid rate, but because the neutrons which 
cause the nuclear disintegrations or fissions travel at a 
very high speed. In a reactor of the Calder Hall type the 
neutrons are slowed down deliberately in a graphite 
moderator to quite low speeds (for a neutron), and these 
are called thermal reactors because the neutron speed is 
merely that corresponding to the temperature of the 
material in which they are travelling. 

In the fast breeder we want to keep the neutrons as 
fast as possible and so have a small core of highly-enriched 
atomic fuel—actually uranium 235—in which nearly all 
the heat is generated, and no moderator at all. At Doun- 
reay the core is only 21 inches high and 21 inches across, 
yet from this, 15,000 kilowatts of power are obtained. The 
core is surrounded by ordinary uranium rods like the kind 
used at Calder Hall. In this breeder blanket, as it is called, 
uranium atoms are converted by neutrons escaping from 
the core into another atomic fuel—plutonium. After a 
time, this fuel can be extracted and used in other reactors. 

Fast reactors are not competitive but complementary 
to thermal reactors. An integrated cycle might consist of 
a number of thermal reactors using mostly natural uranium 
with a little plutonium. These would produce some pluto- 
nium which would be extracted and sent to the fast 
reactor for use as fuel. The breeding process would produce 
even more plutonium which would then go back to the 
thermal reactors for enriching them. This, however, is some 
way ahead because a satisfactory way of using plutonium 
on a large scale has not yet been worked out. 








Over 600 contracts were placed for plant, equipment and materials. 


Here are details of just a few of these 


INDUSTRY’S SHARE AT DOUNREAY a 


Civil engineering 

Main contractors to the United Kingdom Atomic Energy 
Authority for the construction of the atomic power station 
at Dounreay are Whatlings Limited, the Glasgow Civil 
Engineering and Building Contractors. 

For many years, Whatlings have figured prominently in 
the development of new sources of power. They were 
among the first civil engineering contractors in Scotland 
to undertake the winning of coal and shale by opencast 
mining. They constructed the Morar Hydro-Electric Power 
Station in Inverness-shire, the first hydro power project to 
be inaugurated by the North of Scotland Hydro-Electric 
Board. 

The Company was incorporated in 1935 and became a 
public company in 1953, by which time the administrative 
and technical staff and the labour force had risen from a 
score or so to approximately a thousand. The expansion 
of the Company has continued with the result that at 
present there are several thousand on the pay roll. 

For smooth running all major projects undertaken by 
Whatlings have a high degree of autonomy. With each 
large contract an independent organizational unit is set 
up on the site and this is in the charge of a senior agent 
with top level technical and commercial staff. Contract 
supervision is maintained direct from the Whatling’s head 
office in Glasgow. 


The Sphere 

Main contractors for the prR sphere were Motherwell 
Bridge & Engineering Co Ltd. Shop fabrication of the 
shell presented no difficulties. On the other hand, fabrica- 
tion of the door jambs presented problems typical of this 
modern type of engineering where intricately shaped plate 
segments have to be welded together to fairly fine degrees 
of accuracy, the plate weldment being subsequently trans- 
formed into a machined article. 

Site fabrication at Dounreay took place in a workshop 
where plate segments were welded together in pairs by an 
automatic process in order to reduce the amount of on- 
site welding and to reduce the effects of inclement weather 
programme. Heavy shop weldments were stress relieved 
at Motherwell before shipping to site. Plates were shot 
blasted and metal sprayed at the works except for a six- 
inch strip for welding on the edges. After welding, these 
strips were again shot blasted using Vacu-Blast NC 
machines and then metal sprayed. 

The sphere, set on a 10-ft thick reinforced concrete 
foundation raft, was built from the skirt upwards, plates 
being clipped together and tied back with booms to a 
centre tower before welding. The bottom half was con- 
structed between July and December, 1955, and the top 
half between July and December, 1956. The construction 
work inside the sphere was carried out between January 
and June, 1956. 

The airlock was delivered to site in rings, assembled and 
welded in the site workshop and lifted in one piece. The 
bellows ring was designed and supplied by the British 
Appliances Manufacturing Co Ltd of Leeds, and the door 
mechanisms were designed and supplied by Messrs. 
Strachan and Henshaw, Ltd of Bristol. 

Lloyd’s Register of Shipping, Lands Division, acted as 
the Authority’s Inspection Agents from the making of the 


242 


ee N 
f 4 Pe Se EA 
Corrmreerferenreerrer eters] 
\ 





z 
& 





—~ 


~-_ ~ . 
tons 


The DFR sphere towers to 135 ft, weighs 1500 


steel to the completion of the work on site. All welders 
were tested and all containment welds were X-rayed. 
Before commissioning, the sphere will be pressure tested 
to prove its soundness. 

Motherwell Bridge and Engineering are the sole British 
licensees of the Chicago Bridge & Iron Co for Horton 
spheres and Mr. H. B. Horton of the American company 
provided free of charge the services of his engineering 
staff to review the design, methods of fabrication and 
erection of the Dounreay sphere. This proved very help- 
ful. It will be recalled that Chicago Bridge were respon 
sible for the large Hortonsphere at West Milton NY in 
which the Nautilus prototype reactor was tested. 

Motherwell Bridge were also responsible at Dounreay 
for the DMTR sealed building. 


Laboratory equipment 

Pye Ltd, Cambridge, are designing and supplying all the 
equipment for the laboratory, in which irradiated fuel 
elements from DFR are to be examined. 

The equipment to be supplied includes manipulators. 
universal cutting machines, lathes, furnaces, X-ray and 
density measurement, inspection and material testing 
machines, optical and TV viewing facilities, and all the 
associated handling and shielding equipment; in fact, the 
complete laboratory, except for the concrete structure. 

Owing to the highly radioactive nature of the elements, 
which can only be handled by remote control, the labora- 
tory is a cave of U-shaped form with an area of 1,100 
square feet. To form a biological shield, the walls of the 
cave are 4 ft 6 in. thick, partly lined with steel. 

For observation inside the cave there are windows at 
intervals in the dense concrete walls composed of glass- 
walled tanks containing a saturated zinc-bromide solution, 
thus providing a shield from radioactivity equal to that 
of the walls, and at the same time permitting observation 
of all the processes. At each window, facilities are provided 
for Pye Master Slave Manipulators for remote handling 
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of the elements. Pye manufacture these manipulators by 
agreement with AMF Atomics, a division of the American 
Machine and Foundry Company. In conjunction with 
these, when close examination of the processes inside the 
cave is necessary, optical periscopes and closed circuit 
television are used. 

The cave is divided into ten separate test stations for 
carrying out the various mechanical, physical and metal- 
lurgical operations required, all of which must of course 
be remotely controlled, in many cases under water. The 
following are some of the interesting operations required. 

The examination and measurement of the internal and 
external diameter of the element which requires the use 
of a } in. dia. long periscope viewed by a permanently 
fixed Pye industrial television camera. 

The de-canning of the element and removal of its sheath 
requires the use of various cutting machinery, culminating 
in a remotely handled lathe for the preparation of test 
specifications. 

The metallurgical examinations possible include X-ray 
examination, density measurement, tensile and impact test- 
ing, and remote viewing of specimens under the micro- 
scope. Provision has been made for the carrying out of 
heat treatment where necessary. 

The highly active state of the element makes it impera- 
tive that all waste and swarf must be carefully collected 
and disposed of. For this purpose remote canning machines 
are installed and a check against loss is kept by weighing. 
A servicing station is provided for the replacement and 
repair of small tools, cutters, etc. 


Structural steelwork 





Castellated beams span the heat exchange building 


At Dounreay, Alex Findlay & Co Ltd, Motherwell, have 
fabricated and erected, up to the present time, over 5,000 
tons of structural steelwork. Much of this went into the 
containment sphere in the form of lattice type straight 
and radial girders, floors, columns and crane girders. 
The active element storage building is of multi-storeyed 
stanchion and beam construction of a somewhat complex 
nature. It is 86 ft high and 55 ft and 66 ft in overall 
plan dimensions. There are seven internal floors at various 
levels, some areas of which are covered with chequer 
plating, the other areas being concreted. At a height of 
52 ft is a 30 ton capacity crane with centres of crane rails 
at 35 ft. On the west side of the sphere is the heat ex- 
changer building of beam and stanchion construction. 
There are five internal steel floors at varying levels, four 
of them being covered with chequer plating. One notable 
feature is the introduction of castellated beams at one of 
the floor levels. In the group of buildings of which the 





NUCLEAR POWER JUNE 1957 


above buildings are part there is a reactor group, admin- 
istration building and a diesel generator power house with 
a 15 ton overhead crane. There is also a turbine house 40 
ft span by 73 ft long by 50 ft high with an internal floor 
around the turbine block and a crane running the full 
length of the building, with centres of rails at 37 ft. 


Dust collection 

Plant installed by P. M. Walker & Co, Halifax, in the 
Maintenance workshops at Dounreay is designed to collect 
and convey wood refuse in the form of sawdust, shavings, 
etc., through galvanized mild steel ducting which is separ- 
ated from the conveying air stream by centrifugal action 
in a Walker Cycol high efficiency cyclone, the wood refuse 
being deposited in a container situated at the base of the 
collector. A point of interest is the positioning of the 
Cycol collector, which operates under negative pressure 
thus allowing the fan and motor to be situated on the 
clean air, or discharge side of the cyclone. 

DMTR construction 

Orders received for high-flux heavy-water-moderated ther- 
mal reactors of the DIDO/PLUTO type by Head Wrightson 
Processes Ltd, now amount to four, with the probability 
of two further units in the near future. These contracts 
cover the supply of the reactor and all its associated 
primary and secondary cooling, helium and process cir- 
cuits and for the fuel element and facility handling equip- 
ment. 

Erection work on DMTR, the Dounreay version of this 
reactor type, was commenced in February 1956. A 
specially designed ‘A’ Frame and lifting tackle were 
erected to enable the steel tank, complete with lead gam- 
ma-shield, to be installed. Pipework within the biological 
shield, together with the boral and graphite linings of 
the steel tank, and the aluminium tank with its top shield 
have been installed. Work is now proceeding on all the 
ancillary pipework and plant room circuits which comprise 
the reactor proper. At the same time the electrical power 
installation and the industrial and nucleonic instrumenta- 
tion is being installed. 

Switchgear 

The main switchgear at the Dounreay works was supplied 
by A. Reyrolle & Co Ltd, Hebburn. The distribution system 
comprises an 11 kV ring main with three sub-stations, 
each with its local 415-volt radial network. This is at 
present fed through two 5 MVA 33/11 kV transformers 
from the Scottish Hydro Board’s grid, but as demand 
increases, they will be replaced by others of 10 MVA 
capacity. 

Work is now in hand for switchgear and control equip- 
ment for six 220 kW and eighteen 120 kW diesel alter- 
nator sets which will provide power for the DFR liquid 
metal pumps and other services. Number 1 sub-station is 
also to be equipped for handling the output from the DFR 
turbo-alternator set. 


Steam turbine plant 
The electrical generating plant for pFR will be supplied by 
The General Electric Co Ltd. The equipment will consist 
of one 15 MW steam turboalternator set and the power 
generated will be fed into the North of Scotland Hydro- 
Electric Board Grid. 

Generally similar to the standard GEC single-casing 
machine, the turbine will, however, incorporate a number 
of special features on account of the unusual steam con- 
ditions imposed. Inlet steam will be at the comparatively 
low pressure of 150 psig and temperature of 518°F. The 
turbine thus has to handle a very large volume of steam 
at inlet, and steam inlet pipes, governing and emergency 
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valves of large capacity will be provided. The incoming 
steam will be admitted to both upper and lower halves of 
the high pressure casing. 

As nozzle control is required, the system of governing 
valves on the casing which would normally be employed 
on machines of this rating will be replaced by separate 
steam chests symmetrically arranged with one on each 
side of the casing. Each chest will be supplied with steam 
through a 12 in. bore pipe and will contain one emergency 
and three single-beat governing valves, connected to the 
top and bottom halves of the casing by loop pipes. 

In addition to the normal hand and overspeed trips the 
turbine will be provided with vacuum and solenoid trips, 
and also with trips for loss of oil inlet pressure and thrust 
wear. Pressure and vacuum unloading gear is provided. 

It is envisaged that the steam conditions may be im- 
proved at a later stage to 200 psig and 622°F. The turbine 
has been designed to operate under these higher inlet con- 
ditions without modification. This would inevitably be 
accompanied by some reduction in internal efficiency, and 
provision has therefore been made for fitting a new nozzle 
block and two additional stages should a higher efficiency 
be desired. 

The alternator is a standard 3-phase 50-cycles air-cooled 
machine with a power factor of 0-85. The alternator will 
generate at 11,000 volts and has a short-circuit ratio of 0-8 
to tie in with the North of Scotland Hydro-Electric Board 
system. 

The exciter will be direct coupled to the alternator, and 
is being supplied with a magnetic amplifier for automatic 
voltage regulation. 


Control equipment 

Brookhirst Switchgear Ltd, Chester, have manufactured, 
or have orders in hand for, the control equipment for 
auxiliary plant at Dounreay fast breeder reactor station. 
This includes four switchboards, one of which incorporates 
eight 25/3 h.p. 2-speed direct-on automatic contactor 
type starters for the DMTR cooling tower fans. The other 
three boards are directly concerned with the electrical sup- 
ply to and control of the operation of the boron control 
rods, shut-off rods and safety rods upon which depends 
the safe operation of the complete reactor. 

In addition, some sixty-six separately mounted starters 
ranging from 10 h.p. to 130 h.p. were ordered. The majority 
of these starters are of the direct-on automatic contactor 
type but several star-delta and auto-transformer types are 
also included. 


Induction furnaces 

Metropolitan-Vickers Electrical Co Ltd, has been entrusted 
with the supply of mass spectrometry equipment for 
Dounreay. A type MS2 machine has been installed for 
the isotopic analysis of heavy metal halides such as 
uranium hexafluoride and, later this year, an MS3 mass 
spectrometer will be dispatched. This is a standard machine 
designed for routine analytical work on gases. 

Early in 1958 a different type of mass spectrometer, 
designated type MSS, will be delivered. This can be used 
for the rapid determination of isotope ratios of solid 
samples which can be handled using the surface ionization 
technique. 

Metrovick have also supplied nine high-frequency 
vacuum induction furnaces together with the associated 
equipment for the purpose of casting uranium and uranium 
alloys. Further equipment of similar type is in course of 
manufacture. 

Each furnace is designed for melting in graphite cru- 
cibles and under high vacuum, and owing to the nature of 
the product all the operations are carried out in the glove 
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boxes. The actual inductor coils are water-cooled and are 
protected by water-flow relays and should the water sup- 
ply fall below the minimum requirements the visual and 
audible warning systems are brought into operation, at 
the same time automatically switching off the h.f. electrical 
supply and thus preventing damage to the coils Power 
cannot be switched on again until an adequate cooling 
water supply is available. This protective system is also 
brought into operation on vacuum failure by the inclu- 
sion of a pressure switch in the vacuum line which oper- 
ates a relay causing a magnetic valve to close in the water 
supply line; this ensures that a charge cannot be heated 
in atmospheric conditions. 


Fuel oils 
Scottish Oils and Shell-Mex Ltd, are supplying the liquid 
fuels required by the Dounreay plant. 

This will include, not only large quantities of Shell 
Gas Oil for the diesel engines, but also Shell Heavy Fuel 
Oil for boiler firing. 

Supplies will be brought from a new depot now being 
built by the Company at Scrabster and delivered into 
storage tanks at Dounreay. 


Electrical installation 

The main electrical contractors at Dounreay are James 
Scott & Co Ltd, Glasgow. The work included the whole 
distribution system in which over 30 miles of h.t., Lt. 
and control cables were used. In the Chemical Group 
buildings alone there are 1600 separate circuits involving 
30 miles of cable. The main switchboard is 36 ft long 
and the lighting load alone in this group of buildings is 
over 112 kVA. Considerable temporary installation work 
was also undertaken by Scotts in the reactors and else- 
where. 


Liquid sodium pumps 





Twenty-four e/m pumps handle secondary sodium 


The electromagnetic pumps used in DFR were designed and 
manufactured by The English Electric Company Limited. 
Forty-eight pumps have been supplied—24 in the primary 
circuits, and 24 in the non-active secondary circuits. 

Of the flat linear induction type (FLIP) the pumps have 
a flat tube welded to the ends of the pumping circuit, so 
that leakage is eliminated. On either side of this tube 
is clamped a flat stator carrying electrical windings in 
slots. 

The complete pump operates within a deep steel tank 
into which the stators can be lowered down guide rails 
for clamping on to the pump tube. Stators can thus be 
replaced without disturbing the liquid metal circuit. These 
guide rails are hinged to act also as pendulum links which 
allow the pump to move sideways as the pipes to which 
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it is connected expand in length with heat. The primary 
circuits are heavily shielded, and the pump tanks are 
increased in depth to accommodate a heavy radiation 
shielding plug. The tanks are filled with nitrogen and 
sealed. Secondary circuit pump tubes and stators are inter- 
changeable with those in the primary circuits. 

Two prototype pumps were designed and built by The 
Nelson Research Laboratories of The English Electric 
Company Ltd, and these have been working for some 
time at the Capenhurst Works of the UKAEA. The 48 
production pumps were manufactured at EE’s Stafford 
Works. 

Boiler pumps 

The main forced circulation pumps in the pFR Heat Ex- 
change Building are by Hayward Tyler & Co Ltd, Luton. 
These are similar to those installed at Calder Hall power 
station and a total of twelve are being supplied. These 
pumps are completely glandless and require no servicing 
or maintenance whatsoever. Both pumps and motor are in 
the same pressure shell and no alignment problems arise. 
This pattern of pump is being developed to handle liquid 
metals. 

In addition, Hayward Tyler have supplied three heavy- 
water pumps for pmTR. These are similar to those supplied 
for Harwell’s pibo. 


Circulating pumps 

In the Sea Water Pump House the four main pumps are 
by Gwynnes Pumps Ltd, London. They are Vertical 
Spindle, Double Entry, Split Casing Centrifugal type hav- 
ing 20 in. discharge and 22 in. suction branches. 

They have hard close-grained cast-iron casing which 
are mounted on stools fixed to concrete foundations. The 
casings are split on the vertical centre line, the suction and 
discharge branches being formed in the rear portion so 
that the front half can be removed without disturbing 
pipe connexions. The impeller is of the double entry. 
shrouded type in gunmetal and is carried on a high-tensile 
steel spindle. 

Renewable casing and impeller eyerings are fitted at 
the points of running clearance and the shaft is fitted with 
renewable gunmetal sleeves through the stuffing boxes. 
The journal bearings are of the white-metal-lined grease 
lubricated type and a ball thrust bearing is provided to 
take the weight of the pump rotating element. 

Each pump delivers 8,700 gallons per minute of sea 
water against a total head of 75 ft when running at 775 
r.p.m. The pumps are driven by 300 b.h.p. diesel engines 
through bevel gearboxes of David Brown manufacture, 
and steel intermediate shafting is provided between the 
pumps and gearboxes. Each gearbox is mounted on a cast 
iron stool which incorporates a ball thrust bearing designed 
to take the weight of the intermediate shafting. The lubri- 
cation of the journal bearings is provided by a mechanical 
grease pump. 


DFR rotating crane 

The Goliath rotating crane in the DFR sphere is by J. H. 
Carruthers & Co Ltd, Polmadie, Glasgow. It is of welded 
plate construction with the gantry supported on two double 
portal frames. A circular rail is provided round the top 
of the reactor vault for the crane wheels. The crane has 
two crabs—25 ton and 7} ton—both powered by BTH 
motors. The total length which the hooks can span is 105 
ft and the clear lift is 35 ft to the floor. Cross motions 
are provided on both crabs. 


Stainless steel 


As a sub-contractor to John Thompson Ltd, Talbot Stead 
Tube Co Ltd, Walsall, supplied for Dounreay 60 miles 
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of stainless steel seamless tubing in sizes ranging from ¢ in. 
o.d. to 64 in. o.d. in varying thicknesses. The majority of 
this tubing was supplied in straight lengths for inclusion 
in the DFR primary heat exchanger, the bonded exchanger, 
and for use inside and outside the sphere. A quantity of 
this tubing was supplied as special tube turns of 90° bends 
and in all a total of 1700 of these were supplied. 

In the liquid metal heat exchanger, intricately machined 
stainless steel spiders were needed to be used as spacers to 
position the inner and outer tubes, and approximately 120) 
of these were used. Over one million stainless steel Raschig 
Rings were also supplied. 

For the core vessel a great variety of stainless steel stubs, 
flanges and location rings were supplied. 

For DMTR Talbot Stead were entrusted with sub-con- 
tracts by Head Wrightson Processes Ltd., for the supply 
and fabrication of stainless steel pipework for the follow- 
ing applications: Heavy water coolant, Helium coolant 
circuit, Instrumentation, Supplementary cooling, Shield 
cooling circuit. 


DMTR shield plugs 


The 130 fuel element shield plugs used in DMTR have been 
produced by Savage & Parsons Ltd, Watford, Herts, in 
conjunction with the AEA. Each plug—approximately 4 ft 
6 in. long and 4 in. dia.—is manufactured from a titanium- 
stabilized stainless steel tube which is filled to a specified 
density with concrete and iron shot and a 4 in. layer 
of lead. Stainless steel plugs are welded into the ends. 

Also housed in the main tube are three stainless steel 
‘ purge’ tubes, through which air or gases can be cleared 
from around the fuel element, and a centre plug which 
can be withdrawn to facilitate the removal of water and 
chemicals from the core of the reactor. 

The fuel element and cooling sheath is attached to 
the bottom of the plug by a clamping ring. 

Similar fuel element plugs have already been supplied to 
pipo at Harwell and others have been ordered for the 
Australian experimental reactor. 


Vault insulation 
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DFR vault was insulated by 1200 prefabricated panels 


All internal surfaces of the Reactor Vault have been 
covered with metal clad insulation panels by Henry Har- 
greaves & Sons Ltd, Bury, Lancs. The panels form part of 
the cooling system on all internal vault surfaces, protecting 
the concrete shielding and roof columns from the effects 
of the high operating temperature. Each of the 1,200 panels 
required was constructed from mild steel sheets and plates 
packed with mineral wool to accommodate over 500 per- 
forations formed to suit the labyrinth of pipes, plant and 
equipment housed in the vault. With this large number 
of fixed location points a very high degree of accuracy in 
construction and erection was required and to ensure this 
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sections of panels were pre-assembled at the works. The 
insulation was fitted, clamped and sealed in position on 
a system of mild steel support channels and stools arranged 
so as to allow free and even air flow over all concrete 
and roof support column surfaces with a two-pass system 
serving the roof. The cooling air is introduced on a closed 
circuit at floor level in the vault and is forced over wall 
and roof surfaces before extraction at roof level for cool- 
ing and re-circulation. 

Hargreaves were also responsible for ventilation of 
laboratories and ancillary buildings. The filtered warm air 
supply and active air extraction systems serving the Main 
Chemical Plant Buildings consist of ductwork systems con- 
structed from galvanized and stainless steel. The main sup- 
ply and extract ducts convey fresh air to ‘clean’ areas 
and exhaust foul air from ‘dirty’ areas. The air move- 
ment in the buildings is induced from a main extract 
plant remote from the laboratories and connected to each 
building by underground concrete ducts. The construction 
of the buildings is such that negative pressure created by 
extract fans induces the fresh air supply via the duct 
system and filtration plant. In each of the laboratories a 
system of stainless steel extract ductwork serves the 
cubicles and glove boxes. This part of the work is of 
welded construction, the joints being welded in situ and 
subjected to a test of 5 psig. 


Stainless pipework 

The main concentration of work by Thomas W. Ward 
Ltd, Albion Works, Sheffield, has been on the Chemical 
Separation plant. This includes installation of stainless 
steel, mild steel, copper and alloy pipework together with 
pumps, valves and fittings. Thousands of feet of stainless 
steel were installed, all to the most stringent inspection 
standards. Other work included process plant vessels, clad- 
ding of active cells, graphite laying, control gear, pumps, 
etc. Complete site workshops were set up and a welding 
school was established in which men were trained up to the 
AEA inspection standards. 





Solutions are prepared in these stainless steel vessels 


Sea-water valves 

Valves for the sea-water pumps were supplied by Glenfield 
and Kennedy Ltd, Kilmarnock, to Gwynnes Pumps Ltd. 
The installation includes four 22 in. dia. electrically-driven 
outside-rising screw sluice valves for the pump suction 
lines, 20 in. dia. ‘Gwynne-Glenfield ’ automatic self-closing 
pump delivery valves with mechanically operated oil 
pumps, 20 in. dia. manually-worked inside screw sluice 
valves for discharge guard duty and similar 24 in. dia. 
valves for the delivery pipe cross-over connexions. 
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The valves are constructed in Meehanite with zinc-free 
bronze trim. The suction units work against a maximum 
unbalanced head of 80 ft, and are operated by | h.p. 
motors with heaters, through worm-and-spur geared head- 
stocks. The starter boxes also have heaters, and contacts 
for remote three-point push-button control, valve-travel 
limit switches and distant gate position indicating lamps. 
The delivery valves are for opening against a full un- 
balanced pressure of 110 ft and for closing against 90 ft. 
Shoes and channels are fitted on the doors in the bodies 
of the 20 in. dia. hand-actuated valves, and both these 
and the 24 in. dia. units, which have slip joints, are for 
operating under a head of 90 ft through bevel gearing. 

For the distribution lines, are 38 and 42 in. dia. inside 
screw sluice valves and 30 in. dia. needle valves, designed 
for submerged regulation, all of which are electrically 
driven and are to the direct order of the Authority. 


Diesel engines 





Twenty of these 5-cyl diesels are installed for DFR 


Thirty-four two-cycle scavenge pump diesel engines are 
being installed for vital services at Dounreay by Crossley 
Brothers Ltd. In the Generating House there will be 20 
ESL.S five-cylinder vertical engines, rated at 200 bhp at 
600 rpm. Each set drives a 120 kW, 3-phase, 50 cycle 
Bruce Peebles alternator. There will also be 6 ESV.8 
eight-cylinder V-form engines, rated at 360 bhp at 600 
rpm driving at 220 kW, 3-phase, 50 cycle Bruce Peebles 
alternators. In addition, there will be three emergency 
standby sets of the ESL.5 type designed to start automa- 
tically on failure of the mains supply by a solenoid oper- 
ated automatic starting gear which introduces air into the 
engine cylinders. 

Driving the sea-water pumps are four ESN.8 eight- 
cylinder vertical engines, rated at 320 bhp at 600 rpm, 
driving through Twiflex automatic clutch and _ flexible 
couplings to a David Brown right angle gearbox, into a 
Gwynnes centrifugal pump. 

A 192 bhp ESN.3 three-cylinder engine is fitted as a 
standby unit for the fan ventilation system in the Sphere. 
This is fully automatic on mains failure. 


Welding electrodes 
Over 300,000 ft of Murex Fortrex 35 electrodes were ex- 


clusively used for all the manual arc welding of the DFR | 


sphere. All the welding had to be of Class 1 standard and 
it was fully radiographed wherever possible. 

The main reactor vessel was exclusively welded with 
Murex Nicrex electrodes by John Thompson Ltd, Wolver- 
hampton. Other contractors using Murex welding elec- 
trodes at Dounreay include Alexander Findlay 


Thos. W. Ward Ltd, and Whatlings Ltd. 
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DMTR air scrubber 


A scrubber by Peabody Ltd, London, has been installed 
in the DMTR plant to remove contaminated material from 
the recirculating exhaust air of the reactor building should 
any abnormal conditions arise. The unit has been designed 
to operate at a high dust removal efficiency with virtually 
complete removal of particles above 2 microns in size 
and removal of a substantial amount of even smaller 
particles. The scrubber has been supplied complete with a 
water re-circulating system so that it is ready for service 
at all times on starting the circulating pump. 

Travelling cranes 

Nine overhead cranes with capacities from 74 to 25 tons 
have been supplied by The Wharton Crane & Hoist Co 
Ltd, Reddish, Stockport, Cheshire, for the Dounreay 
works. These are installed in DMTR, turbine hall, motor 
room, pump house and several other buildings. Of these, 
the most striking is the one in the DMTR building. Similar 
to the cranes at Harwell in the piDo and PLuTo buildings, 
it has a circular motion running on flangeless wheels with 
a centre pivot. The crane is of 25 ton capacity and can 
operate at creeping speeds on all motions. 


Seeing round corners 





Introscope 19 ft long 


A special introscope is being supplied for Dounreay by the 
Foster Instrument Co Ltd, Letchworth. This is in 2 in, dia. 
stainless steel in three sections and is used for visual loca- 
tion in the transporter gear. It is nearly 19 ft long and 8 ft 
of the instrument operates continuously under water. 


DOUNREAY GONTRACTORS. . . . 115 contritutions 


SITE ENGINEERING 
ARENS CONTROLS LTD, East Croydon 
window opening mechanism in seawater pumphouse 
AYRSHIRE DOCKYARD CO LTD, Irvine 
sectional metal partitions 
WILLIAM BEARDMORE & CO LTD, Glasgow 
steel plate 
E. BOYDELL & CO LTD, Manchester 
Muir-Hill Dumpers 
G. W. BRUCE Ltd, Aberdeen 
pre-cast floors and roofs 
DORMAN LONG & CO LTD, Middlesbrough 
steel sections 
ALEX FINDLAY & CO LTD, Motherwell 
structural steelwork 
FLEXIBLE DUCTING LTD, Glasgow 
Spiratube ducting in sphere 
HIGHWAYS CONSTRUCTION LTD, London 
asphalt tanking 
HACKBRIDGE & HEWITTIC ELECTRIC CO LTD, 
Walton-on-Thames 
cables 
LANARKSHIRE STEEL CO LTD, Glasgow 
steel sections 
P. & W. MACLELLAN LTD, Glasgow 
stop gates for sea water channel 
MOTHERWELL BRIDGE & ENGINEERING 
DFR sphere and DMTR sealed building 
MUREX WELDING PROCESSES LTD, Waltham Cross 
welding electrodes 
PHILIPS ELECTRICAL CO LTD, London 
radiographic inspection equipment 
QUASI-ARC LTD, Bilston 
automatic welding electrodes 
A. REYROLLE & CO LTD, Hebburn 
switchgear 
RUBEROID LTD, London 
steel roof decking and bituminous felt roofing 
JAMES SCOTT & CO LTD, Glasgow 
main electrical contractor 
ALEX SUTHERLAND LTD, Thurso 
outfall and water supply from Loch Saorach 


CO LTD, 
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WILLIAM TAWSE LTD, Aberdeen 
site works and drainage 
TAYLOR WOODROW LTD, London 
Arcon building for criticality facility 
TILEMAN & CO LTD, London 
r.c. ventilation shaft 
HUGH TWADDLE & SON LTD, Glasgow 
internal and external plumbing 
VACU BLAST LTD, Slough 
dust-free shot blasting equipment 
WHATLINGS LTD, Glasgow 
main civil engineering contractors 


DOUNREAY FAST REACTOR 


ARMSTRONG WHITWORTH LTD, Tynemouth 
control rod carriers 

J. BLAKEBOROUGH LTD, Brighouse 
diaphragm control valves 

F. W. BRACKETT & CO LTD, Colchester 
sea water screens and trash rakes 

DAVID BROWN LTD, Huddersfield 
gear boxes in pumphouse 

JOHN BINNIE LTD, Glasgow 
two goods lifts 

BRUCE PEEBLES & CO LTD, Edinburgh 
alternators 

BUTTERS BROS & CO LTD, Glasgow 
cranes in diesel plant 

CAPE ASBESTOS CO LTD, London 
Rocksil mineral wool insulation 

J. H. CARRUTHERS LTD, Glasgow 
25-ton rotary crane 

COSTAIN-JOHN BROWN LTD, London 
reactor instrumentation 

CROSSLEY BROTHERS LTD, Manchester 
diesel engines for DFR and sea water pumphouse 

ENGLISH ELECTRIC CO LTD, Stafford 
electromagnetic pumps 

FAIREY AVIATION CO LTD, London 
fuel element cans 

GENERAL ELECTRIC CO LTD, London 
1SMW turboalternator set 
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GLENFIELD AND KENNEDY LTD, Kilmarnock 
electrically operated valves in sea water pumphouse 
GWYNNES PUMPS LTD, London 
sea water pumps 
HAMWORTHY ENGINEERING CO LTD, Poole 
compressors in pumphouse 
H. HARGREAVES & SONS LTD, Bury 
metal-clad insulation and ducting 
HAYWARD TYLER & CO LTD, Luton 
forced circulation pumps 
HICK HARGREAVES LTD, Bolton 
feed water deaerators 
HIGHFIELD GEARS LTD, Huddersfield 
shield plug gearing 
HOPKINSONS LTD, Huddersfield 
sieam valves and boiler fittings 
ROBERT JENKINS & CO LTD, Rotherham 
breeder box 
W. G. JENKINSON LTD, Sheffield 
lead fuel coffins, plastic pipework 
KEITH BLACKMAN LTD, London 
fan equipment 
WILLIAM KENYON & CO LTD, Dukinfield 
thermal insulation 
LAURENCE SCOTT & ELECTROMOTORS LTD, Norwich 
alternators 
MORGAN CRUCIBLE CO LTD, London 
Borated graphite 
MUSGRAVE & CO LTD, Belfast 
air conditioning 
PALATINE ENGINEERING C9 LTD, Surbiton 
mechanical details 
PATERSON HUGHES ENGINEERING CO LTD, Glasgow 
30-ton crane 
SERCK LTD, Birmingham 
dump condensers 
A. & P. STEVENS LTD, Glasgow 
lift 
STRACHAN & HENSHAW LTD, Bristol 
air lock doors and canning station 
TALBOT STEAD TUBE CO LTD, Waisall 
stainless steel tubing 
THERMOTANK LTD, Glasgow 
air and nitrogen ducting—dehumidification plant 
JOHN THOMPSON LTD, Wolverhampton 
core vessel, 
steam-raising plant, water treatment and instrumentation 
THERMO ENGINEERS, LTD, London 
air/oil and nitrogen/oil heat exchangers 
TUBE INVESTMENTS LTD, London 
Niobium and polythene tubing 
TURBINE GEARS LTD, Stockport 
control gear drive 
VICKERS LTD, London 
control gear 
G. & J, WEIR LTD, Glasgow 
condensing and teed piant, etc. 
WHARTON CRANE & HOIST CO LTD, Reddish 
travelling cranes 


DOUNREAY MATERIALS TESTING REACTOR 
ANDREW MACHINE CONSTRUCTION CO LTD 
ducting, extract fans and ventilation equipment 
DARLINGTON INSULATION CO LTD, Newcastle/Tyne 
thermal and acoustic lining 
EKCO ELECTRONICS LTD, Southend 
reactor instrumentation 
KEIGHLEY LIFTS LTD, Keighley 
goods lift 
HEAD WRIGHTSON & CO LTD, London 
supply of reactor, cooling towers, etc 
HEAD WRIGHTSON PROCESSES LTD, London 
design, procurement and supervision 
H. M. HOBSON, Wolverhampton 
control rod mechanisms 
INTERNATIONAL COMBUSTION LTD, Derby 
transit flasks 
PEABODY LTD, London 
air scrubber 
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primary and secondary heat exchange systems. 


HAYWARD TYLER & CO LTD, Luton 
heavy water pumps 

SIMMONDS AEROCESSORIES LTD, Pontypridd 
control rod position indicators 

J. STONE & CO (CHARLTON) LTD, London 


vehicle air-lock doors 


LABORATORIES AND SITE FACILITIES 
ACALOR (1948) LTD, Crawley 
acid-resisiant flooring 
DANIEL ADAMSON & CO LTD, Dukinfield 
dust extraction—air washing and drying plant 
BROOKHIRST SWITCHGEAR LTD, Chester 
auxiliary switchgear 
BRUSH ELECTRICAL ENGINEERING CO LTD 
motor alternator frequency changeover 
R. & J. DEMPSTER LTD, Manchester 
diesel fuel oil storage plant 
J. EVANS & SONS LTD, Portsmouth 
zinc bromide viewing tanks 
FOSTER TRANSFORMERS LTD, London 
transformers in billet production department 
GWB FURNACES LTD, Dudley 
metallurgical furnaces 
MATTHEW HALL LTD, London 
steam mains, compressed air main, 
anical ventilation 
GENERAL ELECTRIC CO LTD, London 
me.allurgical furnaces 
GEORGE KENT LTD, Luton 
process plant instrumentation 
METROPOLITAN-VICKERS ELECTRICAL CO LTD 
mass spectrometer and h.f. heating equipment 
MITCHELL ENGINEERING LTD, London 
pipework 
NEWBURGH ENGINEERING CO LTD, Sheffield 
mechanical details 
JAMES NORTH & SONS LTD, London 
protective clothing 
NU-SWIFT LTD, Elland 
fire-fighting equipment 
PATTERSON ENGINEERING CO LTD, London 
deionization plant in laboratories 
POWER GAS CORPORATION LTD, Stockton-on-Tees 
dust extraction—air washing and drying plant 
PRODORITE LTD, Wednesbury 
acid-resistant flooring 
PYE LTD, Cambridge 
master-slave manipulators, closed circuit TV, etc 
PYRENE LTD, Feltham 
fire-fighting equipment 
W. H. A. ROBERTSON LTD, Bedford 
rolling mills for DMTR fuel elements 
SAVAGE & PARSONS LTD, Watford 
master-slave manipulators 
TUDOR ACCUMULATOR CO LTD, London 
electrical storage batteries 
P. M. WALKER & CO LTD, Halifax 
dust extraction plant 
THOS W. WARD LTD, Sheffield 
process pipework, vessels, etc. 
HENRY WIGGIN & CO LTD, Birmingham 
Nimonic alloy for DMTR jigs 
WILLIAMS & JAMES LTD, Gloucester 
reducing valves and air receivers 
A. C. WILSON & PARTNERS LTD, London 
fuel processing plant, etc. 


INSTRUMENTS 
EVANS ELECTROSELENIUM LTD, Harlow 
densitometers for examining film badges in health physics 
EVERSHED & VIGNOLES LTD, London 
level transmitters and indicators 
HONEYWELL-BROWN LTD, Greenford 
chart recorders 
INDUSTRIAL PYROMETER CO LTD, Birmingham 
Pyrometers in metallurgical investigation laboratory 
KDG INSTRUMENTS LTD, Crawley 
vacuum/pressure gauges in glove boxes 
NEGRETTI & ZAMBRA LTD, London 
thermometers 


condensate runs. mech- 
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Switching at set levels feature of IDL GammaSwitch 


Level control, density and liquid inter- 
face detection, and flow failure detection 
are examples of the type of control 
which can be achieved very simply and 
reliably with the IDL GammasSwitch. 
Among the advantages of the technique, 
compared with non-nucleonic methods 
probes, floats, electrodes, or 
other electrical or mechanical connex- 
ions susceptible to damage are needed 
inside the hopper, tank, pipe, etc.—the 
device is mounted completely externally; 
it is not necessary to put holes through 
the vessel to which the switch is attached, 
and when appropriate it can be mounted 
independently to avoid the ill-effects of 
heat, vibration, etc, transferred from the 
vessel. 

A switch rather than a_ precision 
measuring instrument, it consists of a 
halogen-quenched geiger-miiller tube in 
circuit with a simple relay, built on to a 
printed circuit chassis and contained in a 
fire-proof or weather-proof cast alloy 
case of approximate dimensions 11 in. by 
10 in. by 4 in, It connects to a normal 
mains supply, and its relay contacts can 
be wired direct into conventional control 


are: no 


Titrometric analysis 24 


In the continuous analysis of a chemical 
process during manufacture, the Titro- 
matic Analyser is connected to the main 
plant stream and at regular intervals a 
measured quantity of the solution being 
manufactured is fed to a reaction vessel. 
After dilution with water, titration with 
a standard reagent begins and continues 
until the solution has been completely 
neutralized. The volume of reagent used 
is recorded automatically. 

The analyser consists of two separate 
parts, the chemical unit, which contains 
an array of glass vessels controlled by 
automatically operated taps, and _ the 
electronic control unit, which determines 
the precise sequence of operations per- 
formed by the chemical unit. The instru- 
ment has a wide range of application and 
the time cycle of a titration can be varied 
from once every three minutes to once 
every half hour. It is designed to operate 
day and night without attention, other 
than a routine weekly inspection. 


Developed in conjunction with ICI 
(Billingham) it is claimed to perform 
accurately the work of two or three 


chemists. 
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No research instrument, switch is 
fire and weatherproof 


circuits. Relay operates when a _ prede- 
termined intensity of gamma radiation is 
detected by the geiger-miiller tube. As the 
switch only operates when the radiation 
received increases or decreases beyond a 
predetermined level, it gives no indication 
of changes in radiation above or below 
this level. Thus IDL claim it is inexpen- 
sive compared with 


nucleonic instru- 


Equipment is in two units: 
electronic on left, chemical on right 


Electronic Instruments Ltd, 
Lower Mortlake Road, Richmond, Surrey 


ments which give a continuous indication 
of the amount of radiation received and 
are used for precision measurement. 

An example of a suitable application 
of the GammaSwitch is the control of 
high and low level of material in a hop- 
per. A switch is mounted at the appro- 
priate level outside the hopper, and a 
gamma ray source, suitably enclosed, 
mounted on the opposite side. If the 
relay is set to trip when the radiation 
penetrating the hopper changes by the 
amount absorbed by the material in the 
hopper, a warning light or buzzer can 
be operated by the switch whenever the 
material passes the predetermined level. 
Alternatively, the switch can be connec- 
ted to the device controlling the supply 
of material to the hopper, providing auto- 
matic control. 

The switch can also be used for radia- 
tion protection in radiochemistry labora- 
tories and hospitals, and in the vicinity 
of nuclear reactors. It can be set to trip 
at very low radiation intensities. 


Isotope Developments Ltd, 
Beenham Grange, Aldermaston Wharf, 
Reading, Berks 


SS pipe fittings 


Talbot Stead have introduced new seam- 
less, stainless steel fittings designed to cut 
the cost of pipe welding by making lay- 
ing out, lining up and welding consider- 
ably easier. Marketed under the name of 
Forjend, the range includes long radius 
standard weight elbows and return bends 
and standard weight equal tees, reducers 
and caps in accordance with BS 1640 
and American Standard ASA BI6 9, 
together with flanges to BS 1560 and 
ASA B16 5. Forjends have the following 
features: they are formed and forged 
seamless; all sections are at least full 
pipe thickness, with no thinning at the 
back wall, and are thus made for uniform 
strength; design of tangents makes 
welding on curved sections unnecessary: 
bevelled ends give a 
welding surface. 


clean, accurate 

It is claimed that extensive and intri- 
cate pipe lines can be assembled quickly 
with girth welds only, and that use of 
Forjends allows erection of installations 
close to building walls. 


Talbot Stead Tube Co Ltd, 
Green Lane, Walsall, Staffs 
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NUCLEAR POWER starts this month a 
short series of direct importance to all 


those working with radioactive materials 


Basic Health Physics—1 


D. E. BARNES, GM, BSc, AMIEE, AlnstP 


Superintendert Health Physics, AWRE, Aldermaston 


HEALTH PHYSICS is the name given to a new and 
specialized branch of safety work which arose in the early 
1940s when British and American scientists, working to- 
gether on the first atomic bombs, felt the need for a strict 
control of the radioactive materials which they were handl- 
ing and of the radiation doses they were liable to receive 
from them. It was found that scientists and technicians 
got so interested in their work that there was a danger of 
their forgetting these aspects, and so special men were 
put alongside them to make measurements and advise 
on conditions. In order to interpret the measurements and 
to make calculations as to safe working conditions, it 
was necessary for many of these people to be physicists, 
and since their work was to safeguard the health of 
other workers, they were named health physicists. Though 
always keeping in close liaison, and sometimes actually 
associated with a medical department, the work of the 
health physicist is something quite separate. He should 
know something of the effects of radiation on the human 
system and be able to understand the reasons for restric- 
tions placed on the amount of radiation which people are 
allowed to receive. These levels are based on the investi- 
gations of doctors and biologists: the job of the health 
physicist is to apply the data which they provide. 


The fundamental aim of health physics is to ensure that 
conditions are safe for others who work with radioactive 
materials or with equipment which produces ionizing radi- 
ations. But there is more to it than that. The skill of the 
health physicist lies in knowing his job sufficiently well 
that he does not prescribe conditions which are unneces- 
sarily hampering or uneconomic. He must be sure that 
his colleagues have safe conditions, but also that these 
conditions do not needlessly reduce their comfort or their 
facility in working. Finally he has a duty to the world 


outside his own organization to see that people (and 
animals) in the neighbourhood are not likely to suffer 
any harm. 


Nature of ionizing radiations 


We are concerned, in general, with four different types 
of radiation: alpha rays, beta rays, X and gamma rays, 
and neutrons. Alpha rays are, like helium nuclei, com- 
posed of two protons and two neutrons and carry a 
positive charge of two units. Because of their relatively 
large size and their charge, they have a very short range, 
or in other words they are stopped by a very small thick- 
ness of material. Their range in air is shown in fig 1. 
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However, over this short range they cause intense ioniza 
tion and hence have a great potentiality for causing biolog 
ical damage if they once get access to sensitive tissue 
To do this they have to get inside the body by some 
means, since externally they are unable to penetrate the 
outer insensitive layers of the skin. 


energy MeV 
nn 
7 








0 1 2 3 4 $ 6 7 8 9 
range in centimetres of air 


Fig 1 Range in air of alpha-particles 


Beta rays are electrons, very small and with a single 
charge which may be either negative or positive. The lat- 
ter are also called positrons. Beta rays have much longer 
ranges than alpha rays and are able to penetrate fair 
thicknesses of light materials. Unlike alpha rays, which 
are usually emitted with a single energy or with a few 
quite discrete energies, beta rays always have a_ wide 
spread of energies (fig 2). It is necessary to distinguish 
between the maximum energy of emission, E,,,,,, which 
is that usually given in tables, and the mean energy, E. 
which is used in calculating dosage and is taken as $ E,,,.- 
Beta rays can penetrate some millimetres into tissue and 
hence present a hazard both externally and internally. 
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[he ionization they produce varies along their path and 
s greatest towards the end of their travel, but even here 
t is much less intense than that due to alpha particles. 
For beta particles the stopping power of light materials 
or more properly, those composed of elements of low 
atomic number, follows closely on the density and it is 


relative numbers of particles 
elt ee 








Emax 
energy 


Fig 2 Typical beta-particle spectrum 


convenient to represent the thickness of an absorber in 
terms of the weight per unit area, usually mg/cm?. 


X rays and gamma rays are electro-magnetic radiation 
oi the same nature as light and radio waves but of very 
much shorter wavelength. Although the wave concept is 
generally used, it is sometimes convenient to think in 
terms of the quantum theory concept of packets of energy 
which are termed photons. The only difference between 
X and gamma rays is in the way they are produced; 
gamma rays arise from a disturbance of the nucleus of an 
atom, whereas X rays come either from a rearrangement 
of orbital electrons or from the sudden stoppage of high- 
energy electrons as in an X ray tube or when beta particles 
strike some solid material. Gamma rays have a specific 
energy (line spectrum) though a number of energies may 
be emitted by a single radioactive isotope (fig 3). X rays 
from orbital rearrangement have discrete energies, depend 
ing on the energy levels of the K, L and M shells of the 
particular element, and are called characteristic X 
those from electron stopping cover a range of energies 
from the maximum energy of the electrons down to z2ro 
(fig 4) and these are either called white radiation, by ana- 
logy with white light, or Bremsstrahlung from the German 


rays; 
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Fig 3 Gamma-ray spectrum of radium (RaB+RaC) 
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‘braking radiation.. X and gamma radiations are much 
more penetrating than either alpha or beta rays and at 
the higher energies may require large thicknesses of heavy 
material to give sufficient reduction in intensity. They 
penetrate tissue very readily and hence can give rise to 
nearly uniform irradiation of the whole volume of the 
body. Directly they cause only a moderate amount of 
ionization but the resultant beta particles, which have 
energies ranging up to the maximum energy of the primary 
radiation, cause secondary ionization such that the overall 








effect is similar to that from an initial beam of beta 
radiation but much more penetrating. 
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Fig 4 Typical continuous X-ray spectrum 


Neutrons are comparatively heavy particles, one quarter 
the mass of an alpha particle. Being uncharged they do 
not react with the electric fields within the atoms of a 
substance and hence can penetrate large thicknesses of 
even heavy materials. Indeed they are more readily stopped 
by light elements since they lose large amounts of energy 
by collision with nuclei which are more nearly equal 
in weight to themselves. They cause almost no ionization 
directly but give rise to a large amount of secondary 
ionization in suitable materials, either by reaction with 
the nucleus and the ejection of an ionizing particle, or 
by giving up a large part of their energy in collision. 
The latter occurs chiefly with hydrogen giving what is 
known as a knock-on-proton. Neutrons are divided into 
two main groups corresponding to these effects. Slow or 
thermal neutrons are those which have lost most of their 
energy and are moving randomly with velocities similar 
to the thermal velocities of molecules, with an energy of 
a fraction of an eV, and are then capable of entering 
into a number of reactions. Fast neutrons are those which 
have high energies, of the order of MeV, and give rise 
te energetic protons. 


Measurement units of radiation and radioactivity 

The oldest unit in radiation measurement is the roentgen 
(r), which was defined at the 1937 International Congress 
as ‘that quantity of X or gamma radiation such that 
the associated corpuscular emission per 0-001293 gramme 
of air produces, in air, ions carrying one electrostatic unit 
of quantity of electricity of either sign.. Tne mass given 
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is that of one cc of dry air at 0°C and 760 mm of mer- 
cury pressure. It is important to note that the roentgen, 
whic*, is a unit of dose, is a quantity of absorbed radia- 
tion. Confusion sometimes arises from the use of such 
units as r/h, which are regarded as flux or intensity units 
and hence a measure of what is passing through space. 
This is not the case; the roentgen is a measure of what 
is stopped and, though it will bear a relation to what 
goes through, that relation is not a constant but varies 
with the energy of the radiation. 


Because of its definition, the roentgen cannot be applied 
to other kinds of radiation such as alpha or beta rays and 
a new unit was suggested in 1948 by Parker of the Hanford 
Laboratories which he called the rep or roentgen-equiva- 
lent-physical. It is defined as an energy absorption of 93 
ergs in one gram of tissue and is applicable to any kind 
of ionizing radiation. 


More recently another unit was suggested and was inter- 
nationally accepted at the Copenhagen Congress in 1953. 
This is the rad and is defined as an energy absorption of 
100 ergs per gram irrespective of the absorbing medium. 
This means that a given flux of radiation will produce 
different doses, measured in rads, in different materials. 
Thus the dose in tissue would be some 10% higher than 
that in air whilst that in bone would be higher still. 
Although this creates difficulties of measurement, it is 
clearly more satisfactory for a given dose always to 
represent the same energy dissipation whatever the part 
of the body which receives it. 


For most practical purposes the numerical differences 
between the roentgen, rep and rad may be ignored. 


Although the rep and rad are applicable as a measure 
of dose of any kind of ionizing radiation, the biological 
effects of equal doses of different radiations, and even 
of different energies of the same radiation, are not equal. 
In order to be able to equate these effects as nearly as 
possible, a factor called relative biological effectiveness or 
RBE has to be introduced. This factor is made unity for 
X rays of about 200 kV energy and, in practice, it remains 
unity for X and gamma rays and for positive and negative 
beta rays of all energies. Fast neutrons and protons up 
to 10 MeV and alpha particles have an RBE of 10, whilst 
for heavy recoil nuclei the RBE is 20. Intermediate values 
of RBE, applicable to heavy particles with other energies 
and based on specific ionization in water, have been given 
by the International Commission on Radiological Protec- 
tion'. 


The product of dose in rads and the RBE is thus a 
measure of the biological effect and is called the rem (from 
roentgen equivalent man). 


All the units dealt with so far have referred to the 
dose received and not to the radiation flux or the strength 
of the source. The radiation output of X ray sets is usually 
expressed as roentgens per minute at a distance of one 
metre (r/min at | metre) whilst the output of gamma 
ray sources, which are generally of lower intensity, are 
given as roentgen per hour at one metre. There has been 
some attempt to introduce the latter as a unit, the rhm, to 
be pronounced * rhum.’ 


The measure of quantity of radioactive material is the 
curie. This was originally the quantity of radon gas in 
equilibrium with one gram of radium and was then ex- 
tended to other radioactive substances in a quantity having 
the same number of disintegrations per second as that 
quantity of radon. To avoid confusion arising from con- 
tinual minor changes as the determination of the disinte- 
gration rate of radon improved, the London Congress in 
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1950 redefined the curie as that quantity ot any radioactive 
substance which undergoes 3-700 10!” disintegrations per 
second. In cases where there are one or more daughter 
products there may still be some ambiguity, and it is well 
to state clearly what is meant in such cases. It is usually 
most convenient to work in disintegrations of the parent 
isotope, that is primary disintegrations. Cases where more 
than one particle is emitted in some or all of the disinte 
grations should not cause difficulty since it is the number 
of disintegrations which defines the curie, not the particles 
In making measurements it is, of course, necessary to 
know the decay scheme of the material being counted to 
relate the counts to disintegrations. 

Before leaving the subject of units it may be useful to 
tabulate some constants and their equivalents which are 
often required in calculations. 


TABLE | 
1 esu of quantity=3°33 ~ e charge on an electron 
10!" coulomb 4°8 X 10°! esu 
1 eV 1°60 10-'* erg 1 ion pair in air 32°5 eV 


Roentgen equivalents: 
1 esu/ce of air at O°C and 1 esu/0°001293 gm of air 
760 mm 1°61] 10'2 ion pair/gm 
2°08 X 10° ion pair/cc 5°24 107 MeV/gm 
6°77 X 10% MeV/cc 83°8 ergs/gm of air 
93 ergs/gm of tissue (varies with energy but close to this from 
150 KeV to 3 MeV) 


Rep=93 ergs/gm of tissue or approx 83 ergs/gm of air 
Rad=100 ergs/gm Rem rad E 


Curie=3°700 * 10!" d/sec 


Biological effects of radiation 

The effect of ionizing radiation on a biological system is 
extremely complex and, in spite of many years intensive 
study, is still understood only in broad terms, The imme 
diate simple effect is the destruction, partial or complete. 
of cells, but this is an oversimplification of the problem 
since it is necessary to consider also the response of the 
system as a whole to this destruction and even, in the case 
of genetic effects, to go beyond the unit system to the 
population. 


Taking first the effects on-the individual, these can be 
divided into acute effects, those which occur within a few 
weeks after a single or a few massive doses of radiation, 
and long-term or delayed effects which manifest themselves 
only after many years and are usually due to the gradual 
build-up of effect from prolonged exposure at low levels. 
Each of these two classes may be further subdivided into 
whole-body effects where substantially the whole of the 
body-tissue is irradiated and /ocal effects where only a 
small volume of tissue is affected, either because of restric- 
tion of the beam or lack of penetrating power. 


A whole-body exposure to penetrating radiation giving 
a dose of some hundreds of rads will produce acute effects 
whose severity, depending on the dose, may range from 
temporary sickness through severe and prolonged illness 
to death. Similar doses given to a restricted volume of 
muscle tissue, such as part of a limb, give rise to little 
more than a temporary reddening of the skin with possible 
temporary loss of hair. Much larger local doses, of the 
order of thousands of rads, will cause blistering of the 
skin and, in severe cases, intractable sores similar to burns. 
Recovery from the smaller doses, even when the whole 
system is affected, is apparently complete in a few weeks 
but experiments have shown that there is a residual effect 
equivalent to some 10-20% of the dose, It is this non- 
repairable part of the dose which is assumed to give rise 
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to the long-term effects. These effects seem in general to 
be of the nature of an over-stimulation of the repair 
function. Thus a whole-body dose of 200r in a single 
exposure, or made up by a few smaller exposures, causes 
a significant increase in the chance of developing leukae- 
mia* which is a disease of the blood manifesting itself in 
an overproduction of the white corpuscles. Similarly, local 
overexposure may result in tumour production ; such over- 
exposure may be from a single heavy dose or may be 
due to prolonged irradiation at a comparatively low level. 
The long delayed effects of radium which was laid down 
in the bones of dial-painters in the 1914-18 war is an 
example of the latter type. 


Coming now to the genetic effects of radiation exposure 
on a population, these result from the actions of the radia- 
tion on the reproduction or germ cells and the most 
important is that of gene mutation. Such mutations are 
continually occurring and it is those mutations which 
happened in past generations which account for the varia- 
tions found in a human population. Radiation exposure 
merely serves to increase the rate of mutation. Some of 
these will cause changes of a kind which are advantageous 
to the individual and others will be harmful. Natural 
selection over past generations has tended to preserve those 
which are useful as part of the normal population and to 
eliminate those which are harmful. This process of elimin- 
ation is not, of course, complete but with a steady muta- 
tion rate a state of equilibrium is set up so that the 
incidence of harmful abnormalties in the population re- 
mains at a constant low level. The effect of an increase 
in mutation rate would be to raise this incidence to a new 
level, whilst the increase in advantageous changes would 
have relatively little effect on a population which already 
contains large numbers of them. 


The great majority of these mutations are recessive, that 
is their effects do not appear in the offspring unless both 
parents carry the mutated gene, so as far as the individual 
is concerned, there is no significant increase in the prob- 
ability of abnormal offspring even with doses of radiation 
which would increase the mutation rate several times. If, 
however, a large population is subjected to irradiation 
then the probability is multiplied and even doubling of the 
overall mutation rate may be serious. It is because of 
this multiplication of probabilities that geneticists are con- 
cerned less with the individual doses than with the average 
dose spread over a whole population. 


It has been suggested* that any individual could safely 
accept a gonad dose of 50r up to the age of thirty, but 
that the number of such individuals should not exceed 
one-fiftieth of the total population. 


Natural exposure to radiation 

Man is, and so far as we know always has been, exposed 
to radiation from a variety of sources which altogether 
add up to a level which is not insignificant. Some of these 
sources are external and others are carried in the body 
itself. 

The chief external sources are cosmic rays from outer 
space and gamma radiation from natural radioactive 
materials in the ground. Cosmic rays, being charged par- 
ticles, are deflected by the Earth’s magnetic field so that 
there is an increase in intensity towards the poles; they 
are also attenuated during passage through the atmosphere 
so that the intensity at sea level is less than at high alti- 
tude. At sea level in latitudes greater than about 50° the 
intensity is relatively constant and results in a dose of 
about 30 millirads per year. Gamma radiation varies quite 
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widely from place to place being greatest in regions where 
there are concentrated deposits of the ores of uranium or 
thorium. Levels indoors, because of radioactivity in the 
building materials, are generally higher than outdoors : 
granite in particular, because of its uranium content, gives 
levels some 20-30% higher than other materials. Outdoors, 
in regions away from radioactive deposits, the gamma ray 
level amounts to about 50 millirads per year rising to five 
or six times this level in parts of Cornwall where deposits 
exist. The general level indoors is some 80 millirads per 
year in buildings made of brick or concrete. 


The internal dose arises almost entirely from the 
naturally occurring radioisotope of potassium, K-40, which 
is present to the extent of one in 8000 atoms of the ele- 
ment. The average potassium content of the body is taken 
as 140 grams, of which about 17 mg is K-40, giving some 
4000 disintegrations per second throughout the body. The 
dose from this amounts to about 20 millirads per year. 

The average total dose from natural sources has been 
estimated? as about 90 millirads per year. 


Permissible doses 

Recommendations as to the maximum doses which can 
be accepted without perceptible harm to the recipient are 
made by the International Commission and are based on 
a continuing study of data resulting from accidental 
exposure, therapeutic treatment and animal experiments. 
At one time the term tolerance dose was used in the belief 
that there was a certain threshold level below which no 
harmful effect would occur. Nowadays it is considered 
that all exposure, however small, has some deleterious 
effect but that, provided the dose is not too large, the 
effects can be so small that they are insignificant. Such 
a dose is called a permissible dose which is defined! as 
‘a dose of ionizing radiation that, in the light of present 
knowledge, is not expected to cause appreciable bodily 
injury to a person at any time during his lifetime. As used 
here “ appreciable bodily injury ” means any bodily injury 
or effect that a person would regard as objectionable and 
or competent medical authorities would regard as being 
deleterious to the health and well-being of the individual.” 


The basic permissible dose level as laid down at the 
1953 Conference is 300 millirads per week. Certain depar- 
tures from this are permitted and other levels are derived 
from it, but this basic level is that which is generally 
applicable. However, although certain doses are permissible 
they are not desirable and the following general warning 
given by the ICRP’ should always be borne in mind: 
‘Whilst the values proposed for maximum _ permissible 
doses are such as to involve a risk which is small com- 
pared to the other hazards of life, nevertheless, in view 
of the incomplete evidence on which the values are based, 
coupled with the knowledge that certain radiation effects 
are irreversible and cumulative, it is strongly recommended 
that every effort be made to reduce exposure to all types 
of ionizing radiations to the lowest possible level.’ 
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In his next article, Mr Barnes will deal with external radia- 
tion. He will cover permissible levels and_ protection 
methods, radiation output from various 
measurement of radiation doses. 
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COMPANIES 





Harwell chief for APC 


Harwell’s deputy director (engineering), 


Coil. George W. Raby, is leaving on 
July 1 to become managing d.rector of 
Atomic Power Constructions Ltd. Born 


in 1900, Col. Raby’s first post in indus- 
try was with BTH. He was manager of 
the turbine works of Richardsons-West- 
garth member company of 
Atomic Power Constructions) from 1928 
to 1934, when he joined English Electric 
as works manager and became assistant 
general manager. During the war he was 
attached to the Ministry of Supply and, 
as superintendent engineer, assisted Sir 
John (then Prof) 
velopment of radar. In 
chief Superintendent, 
Development 


(now a 


Cockcroft in the de- 
1941 
Signals 


he became 

Research 
and Establishments at 
1946 


Africa to take charge of 


Christchurch and Woolwich and in 
to South 
planning and building a heavy engineer- 


went 


ing works 


Another new appointment in APC is 
that of Mr A. Ross Cameron, 36, who 
moves from Elliott Brothers (London) 





Col. G. W. Raby 


Ltd to become chief instrument engineer 
Born and educated in Aberdeen, Mr 
was at the Admiralty Signals 
Research Establishment, Witley, during 
the war, and joined Elliotts at Boreham- 
wood in 1948. Later he moved to Lewis- 


Cameron 


ham and became Deputy Chief Engineer 
of the nuclear division 


New subsidiary for Tl 


Tube Investments Ltd have announced 
the formation of a new subsidiary com- 
pany, Tl Nuclear Engineering Ltd, with 
head office at the Adelphi, London, 
WC2, to assist its operating companies 


concerned with atomic energy in the pro- 
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motion of business at home and abroad. 

Among the products being supplied to 
the nuclear industry by TI companies 
are components in reactor-grade mate- 
rials, fuel element cans and _ sheaths, 
applications of the rare metals for struc- 
tural purposes, reactor components, such 
as neutron starter tubes, burst slug de- 
tector gear components, rods, 
charging and discharging tubes, etc, steel 
tubes, heat exchanger components, stain- 
less tubing, pressure 
rolling mills for nuclear metals. 

The new company, in association with 
the TI research laboratories at Cam- 
bridge and its technological centre at 
Walsall, also offers outside organizations 
sponsored research and design work, and 
radiation facilities. 


control 


steel vessels and 


Ekco gauges for Bowaters 
After extensive trials by 
division at the Kemsley 
Bowater Organization have ordered three 
Ekco auto-standardization nucleonic sub- 
stance gauges. Two of 
installed on paper machines at the Sit- 
tingbourne and Kemsley 
use on routine production, and the third 
has been purchased for general investiga- 
tion work by the research division. 
These gauges, first shown at the IEA 
Exhibition, Olympia, are a new develop- 
ment of Ekco Electronics Ltd and are 
claimed to incorporate the latest 
niques in substance gauge design. 
are self-compensating for 
effects and deposition of foreign matter 
on the 
robust in 
designed for operation 
arduous mill conditions. 


their research 


plant, the 


them are being 


Divisions for 


tech- 
They 
temperature 
measuring heads. Extremely 
construction, the gauges are 


under the most 


TN research at Texas 
The Texas Atomic 
Foundation have signed a contract with 
the General Atomic Division of General 
Dynamics Corporation for a four year, 
10 million dollar, jointly sponsored re- 
search programme in the 
trolled thermonuclear reactions. The pri- 
vate electric utility companies operating 
in Texas recently organized the Found- 
ation to consolidate and make more effec- 
tive their participation in the develop- 
ment of atomic energy in the United 
States. The agreement was announced by 
the Foundation’s president, W. A. Parish, 
who is president of 


Energy Research 


field of con- 


Houston Lighting 
and Power Company, one of the utilities 
supporting the Foundation. 

The thermonuclear 


carried out at 


will be 
General Atomic’s 
John Jay Hopkins 
laboratory for pure and applied science 


research 
new 


multi-million dollar 


at the northern edge of San Diego wher: 
work is already under way, The staff o 
the laboratory now includes more thar 
150 scientists, engineers and technicians 
AEC Chairman, Lewis L. Strauss 
stated in a letter to Parish, ‘I regard this 
significant demonstration of the 
vitality of the pioneering spirit in Ameri 
can enterprise, and added ‘ The evidenc: 
of interest in this area by privatel) 
financed research in spite of the long 
range character of the problem is in thc 
best tradition of progressive business.” 
This first private pro 
gramme, in common with those now be 
ing undertaken by the AEC, 
controlled thermonuclea: 
conditions without immediate 
prospects for economical energy produc 
Frank Pace, Jr 
president of General Dynamics Corpora 
tion, said that 


as a 


large-scale 


aims first to 
demonstrate 
energy 
tion from this source, 
research in this new and 
exciting area can be expected to bring 
progress not only in fusion, but also in 
associated fields such as high tempera- 
ture materia!s and high current electrical 
equipment 


Nuclear publicity at GEC 


Mr D. C. Rogerson has been appointed 
deputy publicity 
eral Electric Co Ltd, responsible for the 
company’s publicity on heavy engineer- 
ing and atomic energy. This is an addi- 
tional appointment to that of Mr Arthur 
Clarkson who continues as deputy pub- 
licity manager, an appointment 
he has held since 1938. 


manager of The Gen- 


which 


Mr Rogerson has been with the com- 
pany for 30 years, spending the first 18 
in the publicity department at the Witton 
works. For the last 12 years he has been 
chief press officer 


Mr D. C. Rogerson 
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New Ayling company 
Ayling Industries Group have formed a 
new organization, Ayling Nuclear Equip- 
ment Company, to deal with remote 
handling equipment production. It will 
also advise other members of the organi- 
zation on nuclear projects, coordinate 
the Group’s production activities and be 
responsible for sales promotion. 
Chairman of the Group is 59 year old 
Mr Frank H. Ayling. Before he was 14 
he started work as a carpenter and joiner 
ind after World War I turned his skill 
first to his own decorating and repair 
business and then, in 1936, to toolmak- 
ing. During the last war the Company. 
together with others he had acquired, 
was doing precision work under Gov- 
ernment contract. Since 1945 the Ayling 
Group has continued to grow and now 
comprises eight companies, including 
H. & E. Lintott Ltd and Hambling Indus- 
tries Ltd, with £M1 capital. Several of the 
companies specialize in nuclear equip- 
ment such as glove boxes, handling tongs, 


control panels, etc. The Group serves 


Mr Frank H. Ayling 


several nuclear research centres and has 
received a running contract from the 
\ERE, Harwell, for a further year’s ex- 
perimental prototype and assembly work 
to the value of £30,000. 


Plessey to make semiconductors 


Plessey Co Ltd and the Philco Corpora- 
tion of USA have formed a new com- 
pany, Semiconductors Ltd, to manufac- 
ture transistors and other semiconductors 
in England. Initial paid-up capital will 
be £500,000, 51 held by Plessey and 
the remaining 49% by Philco Corpora- 
tion. The joint board of directors com- 
prises A. G. Clark (Chairman), J. M. 
Skinner, jr, J. F. Mallabar, L. J. Woods, 
\. E. Underwood and P. Marriage. Pro- 
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duction under Philco patents will prob- 
ably begin early in 1958 using Philco 
automatic equipment. Transistors pro- 
duced will probably be similar to those 
developed in Philco’s Research Labora- 
tories, including high frequency germa- 
nium and silicon transistors for military, 
industrial and commercial applications, 
produced electrochemically. 


Kent in Thailand 

Direct representation in Thailand has 
been established by George Kent Ltd in 
a drive to increase further exports into 
the South-East Asian area by meeting the 
growing demand in Thailand for measur- 
ing and control apparatus. A _ branch 
office and workshop has been inaugurate 
in Bangkok. It is an offshoot of the 
Kent company in Penang. 
George Kent (Malaya) Ltd, and carries 
that name. It is a fully equipped office 
offering complete technical facilities, ex- 


subsidiary 


stock deliveries, and service on all Kent 
equipment. 

The address of the Bangkok Branch 
is 284/1 Suriwongse Road. 

Other Kent subsidiaries and branches 
are in Canada, Australia, South Africa. 
Malaya, Belgium and Austria. 


New welding nozzles 


British Gases Ltd 
nounced two recent patent applications 
relating to gas shielded electric arc weld- 
ing. The first (no. 772789) provides thin- 
walled tubular nozzles of heat resisting 
alloys which can have smaller external 


Oxygen have an- 


dimensions than the usual ceramic or 
water-cooled type. without affecting the 
necessary conditions for welding. They 
improve the operator’s vision and the 
case of making the weld. 

Experiment has shown that in inert 


gas shielded arc welding, hot air arising 
from the work piece causes an air gap 
between the gas shroud and work sur- 
faces leading to a decrease in the shield- 
ing efficiency of the gas. The second 
British Oxygen patent (no. 772792) aims 
to eliminate the air gap by increasing 
the velocity of the shielding gas whilst 
maintaining the conditions of gas flow 
and minimum turbulence _ necessary. 
according to the nature of the weld. 


Weir to make Dreadnought pumps 
G & J Weir Ltd of Glasgow have re- 
ceived an order for main coolant pumps 
on the pressurized water circu't of the 
land-based reactor prototype of Britain's 
first nuclear vessel H.M.S. Dreadnought. 

These pumps will be of the canned 
motor type and are being developed in 
collaboration with the English Electric 
Co Ltd. 


Harland pumps for Bradwell 

The Harland Engineering Company 
Limited of Alloa, Scotland, have received 
their first major contract for a nuclear 
power station. The order, for boiler feed 
pump sets, was recently placed with the 
Company by C. A. Parsons Ltd, on be- 
half of the Nuclear Power Plant Com 
pany. for the CEA Bradwell 
station. Harland’s contract covers six 
high pressure and four low 
boiler feed pumps with motors. 


power 


pressure 


In Brief 


KLOCKNER MOELLER ENGLAND LTD, a new 
company. has been formed to market in 
the UK electrical gear manufactured by 
the Bonn company. The company’s 
offices are at 4 Queen Street, Mayfair. 
London, W1. and 28 Oxford Street. Man- 


After Mr F. J. Erroll, Parliamentary Secretary to the Board of Trade, had 
officially opened the IEA Exhibition on May 7, he visited the Savage and 
Parsons stand and watched the Master Slave Manipulator 
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chester. Managing director of the new 
company is Mr H. M. Passer. 

GRESHAM TRANSFORMERS LTD have now 
established their electronic division at 
Lion Works, Hanworth Trading Estate, 
Feltham, Middx (tel: 6661). The factory 
is devoted entirely to the design and 
manufacture of transformers up to 2,000 
VA for electronic and telecommunication 
purposes. 

ACHESON COLLOIDS LTD have moved their 
technical sales and service department 
to 70 Hill Street, Richmond, Surrey (tel 


2066 and 2634). The accounting section 
will remain at 18 Pall Mall. 

THE WHARTON CRANE & HOIST CO LTD 
announce that their London office is now 
situated at Lincoln House, 296/302 High 
Holborn, London, WC1 (tel: Chancery 
7911). 

HONEYWELL-BROWN LTD have opened a 
new branch office at 5/7 New York 
Road, Leeds, 2, to handle all enquiries 
industrial 
heating and air conditioning controls, 
and precision switches. 


concerning instrumentation, 


METROPOLITAN-VICKERS ELECTRICAL C< 
LTD transformer department has moved 
to Floats Road, Wythenshawe, Manches- 
ter 23. 


STANDARD TELEPHONES AND CABLES LTI 
have moved their cable sales office and 
warehouse to larger premises at 48 Ken- 
yon Street, Birmingham. Under the 
management of Mr N. F. Abbott, the 
new depot will carry complete stocks of 
all types of Standard rubber and plastic 
cables. 


NAMES IN THE NEW S 








DR NORMAN A. SPECTOR 





MR A. D. PRIESTLAND 





MR P. E. TRIER 





MR NORMAN ELCE 
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Viscount Chandos, DSO, MC, was re- 
appointed President of the British Elec- 
trical Development Association at the 
Association’s annual general meeting in 
May. 


Heat Transfer Ltd have appointed Mr 
W. A. Fisher as chief engineer of their 
company. Mr Fisher was previously with 
British Boiler Accessories and Kuwait 
Oil Co. 


Dr Norman A. Spector, vice-president of 
Heavy Minerals Co and assistant general 
manager of Vitro Engineering Division 
has been made vice-president of the 
Vitro Corporation of America. Dr 
Spector joined Vitro in 1948 as project 
engineer. 

Sunvic Controls Ltd have appointed Mr 
J. T. Hughes as their representative in 
Scotland. 


Mr D. G. Ashton Davies, formerly with 
Mullard Ltd, has joined British Physical 
Laboratories as sales manager, both for 
BPL and BPL (Instruments) Ltd. 


Mr J. R. Taylor has been appointed area 
engineer for the West of England by 
Kelvin & Hughes (Industrial) Ltd. For 
the past two years he has been area engi- 
neer in South Wales. 


The Mullard Radio Valve Co Ltd have 
appointed Mr A. D. Priestland, MBE, 
MIEE, and Mr P. E, Trier, MA, AMIEE, 
directors of the company as from March 
28, 1957. Mr Priestland is a director of 
Mullard Blackburn Works Ltd and Mr 
Trier is manager of Mullard Research 
Laboratories. 


Mr Norman Elce, has been elected a 
vice-president of the Institution of 
Mechanical Engineers. Mr Elce, who is a 
director and chief mechanical engineer 
of Metropolitan-Vickers Electrical Co 
Ltd joined the Mechanicals as a gradu- 
ate in 1919. 

Taylor Bros & Co Ltd (a subsidiary of 
English Steel Corporation Ltd) have 
appointed Mr J. P. Bennett and Mr J. 
Cartwright directors of the company with 
effect from March, 1957. 


Mr Robert L. Trent, an authority on elec- 
tronic circuits development has joined 
Texas Instruments Inc to direct a newly 
formed engineering branch for applica- 
tions and test equipment in the semi- 
conductor-components division. 

The death occurred in April of Mr Paul 
Sison Ham, chairman and managing 
director of Ham, Baker & Co Ltd. He 
was 65, 


Mr A. E. Potter, a director and Mr J. M. 
Robb, manager of overseas division of 
Expandite Ltd are visiting Expandite in- 
terests in Europe. 


Mr J. L. Ashworth has been appointed 
deputy divisional controller of the North 
West, Merseyside and North Wales Divi- 
sion of the CEA. 


Mr J. P. Coleman and Mr J. W. Perkins 
of Gresham Transformers Ltd are on a 
tour of Canada and the United States 
They are to set up an organization to 
handle the growing volume of Canadian 
orders, 


The education section of Marconi Instru- 
ments has been joined by Mr J. J. Bliss, 
BSc, who will concentrate on broaden- 
ing the field covered by the education sec- 
tion, and the organization of additional 
schemes. 

Metropolitan-Vickers Electrical Co Ltd 
have appointed Mr S. Hardman, Assis- 
tant superintendent, switchgear depart- 
ment, as from April 1. 

The CEA have appointed Mr J. A. 
Crispin BSc, AMIEE, formerly senior 
assistant engineer, Generation and Sys- 
tem Operation Branch, at CEA _ head- 
quarters, to be system operation engineer 
in the South Eastern Division of the 
Authority. 


As from May 1 Mr J. E, Richardson, 
OBE, became managing director of 
Canadian Vickers, Ltd. He was appointed 
a director of Canadian Vickers in March 
of this year. 

Mr Gordon Richardson has_ been 
appointed a director of Head Wrightson 
& Co. 
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Thorium under stud 
\ programme of on on metallur- 
gical problems in nuclear engineering has 
been initiated by the British Non-Ferrous 
Metals Research Association. In coopera- 
tion with the nuclear power consortia 
and the AEA, work is already in progress 
on metallurgical properties of thorium 
and its alloys. This was announced at 
the Association's AGM last month by 
Dr Maurice Cook, who is Chairman of 
the Council and also Chairman of ICI 
Metals Division. Among 46 other sub- 
jects also under study are the properties 
of titanium, the engineering property of 
aluminium alloys, the application of in- 
struments in the non-ferrous metals in- 
dustry, and the rapid analysis of metals 
by X rays. The expansion of the Associa- 
tion’s work calls for new equipment and 
more space, and a new laboratory block 
is to be built adjacent to the present 
premises in Euston Street. 

Details of the work are given in the 
recently published 37th Annual Report, 
available free on application. 


Instruction for executives 

The next reactor technology courses 
specially arranged for senior technical 
executives will be held at the reactor 
school, Harwell, from October 21-31, 
1957, and from January 6-16, 1958. 
These will be the first such courses also 
open to overseas and British students. 
They are planned to give to senior in- 
dustrialists with a technical background 
an overall appreciation of reactor tech- 
nology problems. The lectures will cover 
the physical, metallurgical and engineer- 
ing problems involved in the design of 
power reactors and the chemical pro- 
blems of fuel and effluent processing. 
There will also be lectures on the Mills 
programme and on the organization of 
the UKAEA and its relations with in- 
dustry, and visits to laboratories and re- 
actors within the establishment. Further 
information from: The Reactor School, 
AERE, Harwell, Berks. 


° ° 
Physical Society to meet at AEI 
The date and programme for the Physi- 
cal Society’s next nuclear physics confer- 
Institutions, NP April) has 
now been announced. It will be a two- 
day meeting, July 17 and 18, and pro- 
bably in five sessions: static nuclear pro- 
perties, nuclear dynamics, nuclear forces, 
meson physics and beta decay. Anyone 
wishing to contribute a paper should 
write to Dr J. M. Calvert, Physical 
Laboratories, The University, Manches- 
ter, 13. 

Another two-day conference, on 
Materials for nuclear engineering, will be 


ence (see 
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held on July 11 and 12 at Associated 
Electrical Industries Ltd, Aldermaston. 
Speakers will be from AEI, AERE Har- 
well, AWRE Aldermaston, BTH, Read- 
ing University, Paris School of Mines 
and AEA Windscale. Further details 
are obtainable from the Society. The 
Society is to hold a conference on 
Plasma and atomic physics at Harwell 
on October 3 and 4. Four sessions will 
be held covering atomic collisions, 
ionosphere physics and plasma physics. 
An addition to invited talks, there will 
be about 30 short contributions, lasting 
for 10 to 15 minutes and_ research 
workers are invited to present a paper. 
Intending contributors are asked to send 
their name and the title of their talk, 
together, if possible, with a short ab- 
stract, to Dr P. A. Davenport, General 
Physics Division, Harwell, by June 7. 


Cooperative training 

A plea for local cooperation between 
electrical firms in training young people 
was made by Mr James Oldroyd, Secre- 
tary of BEAMA, at the Association's 
education conference last month. He said 
the training of technologists was largely 
in the hands of the big firms which have 
not the facilities to provide all the 
trained engineers needed. In an industry 
which has been expanding at the rate 
of 40,000 personnel a year since the war. 
there will be a desperate shortage of 
fully trained engineers and technologists 
in the future unless the smaller firms 
band together in combined training 
schemes. Mr J. E. C. McCandlish des- 
cribed the Scottish Electrical Training 
Scheme, of which he is organizing secre- 
tary, in which five manufacturing firms 
and the two Scottish supply boards are 
cooperating. 

Other highlights of the conference in- 
cluded a talk on The training and em- 
ployment of women at technical level by 
Mr G. S. Bosworth of English Electric. 
The problems and costs of industry- 
based sandwich schemes by Mr R. F. 
Marshall of Metropolitan Vickers, and 
papers from BTH Manager Mr C. Grad, 
and Mr W. H. Temple, GEC--Osram 
Group. Principal guest at the luncheon 
was Sir Gilbert Flemming, KCB, Per- 
manent Secretary to the Ministry of 
Education. 


ASA reports on radiation hazards 


When an H-bomb is exploded at high 
altitude and in an area with no inhabi- 
tants, as is the case with the British 
tests, there is very little likelihood of 
immediae injury to people or substan- 
tial local contamination of the oceans, 
even if a large amount of radioactivity is 


produced in the explosion. This was 
stated in the report of committee 
appointed by the Atomic Scientists’ Asso- 
ciation to study radiation hazards and to 
follow up the MRC report published last 
year. The report states that radioactivity 
resulting from an explosion would be 
taken up in to the upper regions of the 
atmosphere and gradually spread over 
the whole globe, descending to the 
ground over a period of some years, by 
which time only long-lived products 
would remain. Of these strontium 90 is 
the most dangerous and the committee 
has calculated that by 1970 the radiation 
dose to bone, where the strontium settles, 
resulting from all tests carried out up to 
autumn 1956, will range from 9 to 45% 
of the dose received from natural sources. 

Although it is known that radioactive 
substances concentrated in the bone may 
cause bone cancers, the relationship be- 
tween the damage caused and the dose 
is not yet known. However, making cer- 
tain assumptions, the committee has cal- 
culated that an H-bomb like that 
exploded at Bikini in 1954, may eventu- 
ally produce bone cancers in 1,000 people 
for every million tons of TNT explosive 
power, spread all over the world and 
through several decades, Leukaemia may 
also result, but there is not yet enough 
data for any quantitive forecasts. 


Nuclear energy for graduates 


A six-week familiarization course in 
nuclear engineering will be held at Queen 
Mary College, London, starting Septem- 
ber 23. Intended as a grounding for 
graduate level students, it does not pre- 
suppose any knowledge of nuclear phy- 
sics or nuclear engineering. 

The course will include lectures on 
nuclear physics, heat transmission, reactor 
theory, reactor materials and design, fuel 
technology, and control instrumentation 
and shielding of reactors. There will be 
four lectures a day with time for discussion 
and a limited amount of experimental 
work will be included. Lecturers will be 
from the nuclear engineering department 
at QMC, including Prof Murgatroyd, 
and from the UKAEA. Further details 
and application forms may be obtained 
from Dr R. F. Saxe, Queen Mary Col- 
lege, Mile End Road, El, and applica- 
tion should be made before July 22. 


Weeks Hall for Imperial College 


Vickers Limited announced recently a 
donation of £150,000 to the Imperial Col- 
lege of Science and Technology for the 
erection by the College of a new Hall 
of Residence, to be known as Weeks 
Hall. This gives further impetus to the 
college’s plans for providing more resi- 
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dential accommodation for its students, 
of whom at present only 134 out of a 
total of 2,231 live in college. The urgent 
need for more halls of residence has 
been recognized by the University Grants 
Committee who last year enabled the 
college to acquire three sides of the 
neighbouring Princes Gardens for this 
purpose. 

This munificent gift from 
will enable the college to proceed im- 
mediately with the development of part 
of the north-east end of the Gardens as 


Vickers 


being prepared by Messrs Richard Shep- 
pard and Partners, the college architects. 
for the Princes Gardens developments as 
a whole. 


Welding examiners confer 

One hundred local welding examiners of 
the City and Guilds of London Institute 
recently attended a conference at the 
sales technical service department of 
British Oxygen Gases Ltd, presided over 
by Mr Frank Clark, departmental mana- 
ger and Chairman of the Institute’s advi- 


observed during practical examinations 
and the various problems that arise. 


Exhibition on Industrial Efficiency 

Output per man hour in Great Britain 
rose by only 2-5 per cent in 1955 com- 
pared with 6-5 in Western Germany and 
comparative figures in other industrial 
countries. To show how goods can be 
more efficiently produced, the Institute 
of Works Managers are sponsoring the 
Industrial Efficiency and Productivity Ex 
hibition. This will take place in City Hall 





a hall of residence, which it is hoped to sory committee on welding. They dis- Manchester, from November 5-16 and is 


open in the autumn of 1959. Plans are cussed the 


RESEARCH REPORTS 


general 


procedure to be — organized by Provincial Exhibitions Ltd 





United Kingdom 


The following reports have been made available t 

public by the United Kingdom Ator 

They may be borrowed or photocopies obtained from the 
ience Library, London epartment of just 

Foren cience, Belfast, the Mitchel brary slasgow 


ium alloy. P. C. 





nd the Central Libraries at Acton, Birmingham, Brist 
Kingston-upon-Hu eed Liverpc M he 
Newcastle-upon- Tyne Sheffie ey are als 
epecieed in the pyright Lit Britist 1957. 6pp) AERE C/M 301 
Museurr niversity Library Radcliffe 
ence brary, Oxford; Nat f 
nburgh; National Library Wa ystwy 
the Potent Office Library. Reports marked * 


ised from Her Majesty 


Reports ore 0 av able in the United States. fr 


caesium in bismuth and _ bismuth-uran- 
Wildy (Dec 19, 1956. 


13pp) AERE C/M 2114 2s 3d* 


The solubility of neodymium sulphate in 
water and in a sodium sulphate solution 
at high temperatures. C, J. L. Lock (Jan. 


A selected reading list on radiological 
y be protection and laboratory design. R. J. 
ffice Millett (April, 1957. 4pp) AERE 1/M 43 


AERE Inf/Bib 90. J. E. Terry (Dec 
1956. 19pp) AERE Inf/Bib 90 (Supple 
ment 1). 3s* 


A list of reports for sale and published 
papers by AERE staff (published mainly 
between Aug, 1954 and Dec. 1955) L. J 
Anthony, P. M. Harris (Sept, 1956, 41 pp) 
AERE Inf/Bib 96 (Supplement 1). Ss 9d" 


Liquid metal fuelled Bibli 
ography of published and unclassified re 


reactors. 


NLICLEAR SCIENCE Ab Sof we Criticality of components for HAR port literature. G. L. Cooper, A. Potte: 
» purchosed in the United States from. Sales section, P. N, Cooper (Jan, 1957. 15 pp) AERE (Oct, 1956. 27pp) AERE Inf/Bib 106. 4° 
cole tgeor scale tig Meters Niet Rag gy RIM 113 


Perturbation formulae 


AERE Harwell 


equation. M. Bell 
Twist resonances. M,. Bell (Oct, 1956 \ERE T/M 144 
34pp) AERE T/R 2077 4s 9d* Cherenkov 


The flame photometric determination of 


PUBLICATIONS 


Electronics for 
the company 
and describes a number of their instruments for temperature 


Ten Amazing Years, published by Fielden 


their tenth anniversary includes a history of 
indication, recording and control, electron micrometers and 
equipment for the textile industry 


Wythenshawe, Manchester 


Fielden Electronics Ltd. 


The Metropolitan-Vickers Gazette Vol XXVIII No. 452 
(March 1957) contains a 1S-page review of research done by 
the company during 1956 and lists papers contributed by the 
research department to scientific journals during that time 
Metropolitan-Vickers Electrical Co Ltd, Trafford Park, Man- 
chester 17 


Hackbridge and Hewittic Electrical Co Ltd, Walton-on- 
Thames, Surrey, have published three new leaflets about their 
products: Forced cooled transformers up to the largest sizes 
and voltages (DB 5/4), Naturally cooled distribution trans- 
formers up to LOOOkKVA (DB 10/4); Small low 
formers 100 to SKVA (DB 16/1) 


voltage trans- 


Saro progress. This well-illustrated quarterly magazine of the 
Saunders-Roe group includes articles on handling high test 
peroxide, Vanguard model tesis, and a description of two 
prototype recompression chambers built for the Admiralty 
Saunders-Roe, Ltd, Osborne, East Cowes, Isle of Wight 
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radiation 
applications. Bibliography to supplement 


for the Mathieu 


(Feb, 1957, 13pp) Industrial Group 
The sampling of liquid carbon dioxide 
and its practical prior to analysis (Mar 11, 1957. 4pp) 


IGO-AM/W 82 


LSE Engineering Bulletin, Vol [V No 4 (April 1957), is pub 
lished by Laurence, Scott and Electromotors Ltd., 431 Grand 
Buildings, Trafalgar Square, London WC2. 
automatic contro] for steel-handling plant, automatic stepless 


It has articles on 


power factor correction equ’pment, and application § ol 


sq uirrel-cage induction motors 


BKL Alloys Ltd have produced two new leaflets illustrating 
their range of welding fittings. One covers fittings designed 
to match British and the other American s:andard pipe. BKI 
Alloys Ltd., King’s Norton 
Birmingham 30. 


Birmingham Factory Centre, 


Tin and its uses, No 39. The summer 1957 issue of this quai 
terly journal of the Tin Research Institute contains an article 
on the surface characteristics of tinplate. The Tin Research 
Institute, Fraser Road, Greenford, Middx 


Properties of selected commercial glasses is a 16-page bulletin 
published by Corning Glass Works, NY. Several new glasses 
have been added to the property data chart, including alu 
minosilicate glass, low loss ion sealing glass, fused silica, and 
radiotron tube and capacitor glass 


Technique for April, 1957, published by Muirhead & Co Ltd 
Beckenham, Kent, is devoted to an account of unusual appl! 
cations of Magslips 
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BRADWELL will use SHELL 


Atomic 
\ Power 


\ Lubricants 


At their Thornton Research Centre, Shell have 
\ carried out long-term experimental work using 
their own cobalt source of irradiation. 
Calder Hall has provided practical experience 
of working conditions. The result is a range 
of Atomic Power Lubricants* which will be used 
at the new Bradwell Nuclear Energy Power Station 
operated by the C.E.A. This range is now 
available to the whole Atomic Power industry. 





* The Shell A.P.L. Range is another 
proof of Leadership in Lubrication. 


OZ 
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VOKES GENSPRING 


specified for Calder Hall 


Vokes Genspring pipe support systems are acknowledged to be 
the finest and most accurate available. As the first unit in a 
revolutionary departure from normal power generation, Calder 
Hall must have only the best in equipment—and for this important 
pioneer in nuclear power generation, we supplied C. A. Parsons 
& Co. Ltd., one of the main contractors for this station, with the 
latest in the range of Vokes Genspring Constant Support Hangers 
to support the mass of complex piping. 

Vokes W.3 and W.4 hangers and their associated fittings are used 
extensively in both the ‘A’ and ‘B’ stations. The hangers shown 
can withstand a load of 30,000 lb. over a travel of 3% ins. or 
8,400 Ib. over 12 ins. 


sesovssrss | YQKES GENSPRING 


VOKeES GENSPRING Linrt1re dS . GUILDFORD . SURREY 
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a part to play 


“O! for a muse of fie, that would ascend 
The highest heavens of invention.” 


YP ” 
ju 


Thus Shakespeare wrote, but we feel that it is apt to use 
his lines in a different context. Since the advent of nuclear 
power, writers have rivalled each other in sounding the 
loudest paeans of praise for modern science. We, as engineers. 
are more reticent and prefer to say that atomic power is 
here to stay. Crossley Brothers are playing their part by 
supplying diesel power for vital services in the new atomic 
power stations for the United Kingdom Atomic Energy 
Authority at Calder Hall ‘‘A’’ and ‘‘B’’, Chapel Cross and 
Dounreay, and to other nuclear energy plants. 





| CROSSLEY r4 DIESEL ENGINES 
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Cossor Oscillographs 





<> In research 
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The value of the Cathode Ray Oscillograph 

- as an aid to scientific investigation is so high 
NN and so widely appreciated that further 
~ emphasis on its imporiance is unnecessary. 

= We would emphasise, however, that { 


Cossor Instruments Ltd., in providing 

a wide range of these invaluable 

instruments, have been able to | 
help Research with the solu- , 

tion of many of its difficult 

problems and are anxious to ¥ 


place their long experience of the 
subject at the disposal of enquirers. 

















Model 1035 Mk Il 
Double Beam Oscillograph 


Two independent amplifiers 
with frequency ranges 20 c/s 
to 7 Mc/s and 20 c/s to 100 
Kc/s. The 4-in dia. flat screen 
tube operates at 2 kV. 

Time intervals and Input 
Voltages may be measured 
on either beam by means 

of the calibrated controls. 
Time base for revetitive, 
triggered or single-stroke 
scan with velocity 150 milli- 
seconds to I§ micro-seconds. 





The instrument in operation near the face of the British 
Experimental Pile “BEPO” at the Harwell Research 
Establishment of the United Kingdom Atomic Energy 
Authority. 





COSSOR INSTRUMENTS LIMITED 


THE INSTRUMENT COMPANY OF THE COSSOR GROUP 


COSSOR HOUSE - (Dept. 68) - HIGHBURY GROVE - LONDON - N.5 
Telephone: CANonbury 1234 (33 lines) 


Telegrams: Cossor, Norphone, London 


Cables: Cossor, London 
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SINGLE PHASE AND POLYPHASE 

WATTHOUR METERS 

SYNCHRONOUS TIME SWITCHES 

SYNCHRONOUS MOTORS 
AND MOTOR UNITS 





PANEL & SWITCHBOARD 
INSTRUMENTS 

D.C. Moving Coil, A.C. Rectifier, H.F 
A.C./D.C. Moving Iron 


PORTABLE INSTRUMENTS 
H.F. Thermocoupie 


Moving Coil, A.C. Rectifier, 
D.C. Moving Iron, A.C. D.C. Dynamometer 


LABORATORY STANDARD 
INSTRUMENTS 


D.C. Moving Coil, A.C.'D.C. Dynamometer 
CURRENT TRANSFORMERS 
FREQUENCY METERS 
ALL-PURPOSE TEST SETS 
AIRCRAFT INSTRUMENTS 
RATIOMETERS . TACHOMETERS 


Thermocouple 


DA 
A.C 


| Even higher standards 
| 
of thermal efficiency... 


The application of modern heat insulation principles 
can be no gradual process of acceptance in the nuclear 
field. From the start, maximum fuel efficiency is being 
demanded, implying the very minimum of heat ab- 
sorption and dissipation through the walls or struc- 
tures of fuel-burning equipment and hot plant. It 
follows that the physical properties, performance 
under load, and durability under stringent operat- 
ing conditions of all heat insulating materials 
considered must accurately and reliably fulfil 
their specifications. The comprehensive range of 
Moler products, already regarded so highly by 
designers of existing power station boilers and 


covering a temperature range up to 1370°C, 
wide choice of individual 


offers a very 

materials, made to exacting standards 

in the largest British works devoted 
of heat 


entirely to the manufacture 
insulation products. Our Technical 
Advisory Service will gladly supply full 
details of M.P. Insulating Refractories, 
Fosalsil Solid Grade Economite In- 
sulating Bricks and Lightweight Slab 
Insulation, and _ discuss specific 
techniques 


applications and 








MOLER 


PRODUCTS LIMITED 






| 
HYTHE WORKS 
COLCHESTER ESSEX 


Tel: Colchester 3191 Grams: Furmol Colchester 





ELECTRICAL THERMOMETERS 
WESTON STANDARD CELLS 
“PHOTRONIC” 

PHOTO ELECTRIC CELLS 
PHOTOMETERS 


vw 


SANGAMO WESTON LTD. 
ENFIELD, MIDDLESEX 


Telephone: ENField 3434 (6 lines) and 1242(6 lines) 
Grams: Sanwest, Enfield 
Scottish Factory: Port Giasgow, Renfrewshire 
Port Glasgow 4//5/ 


Branches CHAncery 497! . Glasgow, Central 62038 
Manchester, Central 7904 Newcastle-on-Tyne, Newcastle 26967 
Leeds, Leeds 30867 . Liverpool, Central 0230 . Wolverhampton 
Wolverhampton 21912 Nottingham, Nottingham 42403 
Bristol 41781 . Southampton, Soton 23328 . Brighton, Brighton 28497 
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London 
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MATERIAL HANDLING DIVISION - BORDESLEY WORKS - BIRMINGHAM - 12 Tel: ViCtoria 2371 


Also at: London - Manchester - Cardiff - Glasgow - Newcastle-on-Tyne - Bristol - Belfast & Dublin 


A4s 








URDU 
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CONTROL VALVES OF ALL SIZES FOR 


CO,., FLUE GAS, STEAM, WATER, ETC. 
AND 


VALVE OPERATORS WITH REMOTE OR 
AUTOMATIC CONTROL 





JAMES GORDON & CO. LTD., DALSTON GARDENS. STANMORE. MIDDLESEX.(WORDSWORTH 3631) = 
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A simple and inexpensive device for LEVEL CONTROL etc 


SIGNALS CHANGES IN: 
LEVEL « PROXIMITY + DENSITY » MATERIAL FLOW + RADIATION INTENSITY etc 
No probes, floats, electrodes etc. No holes needed in vessel 
Self-contained in weatherproof or flameproof housings 


GammaSwitch 


The /atest advance in application 
of nucleonics to control of processes 





GammaSwitch with cover 
removed to show complete 
assembly on printed circuit 

chassis. (approx. dimensions: 
11” x 10’ x 4”) 


ISOTOPE DEVELOPMENTS LTD 


BEENHAM GRANGE, ALDERMASTON WHARF 
NR. READING, BERKS. Telephone: Woolhampton 45! 
NDON ‘ 120 /ORGATE, LONDON, E£.C.2 TELEPHONE: MET 9641 


Arc 
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“LICKED INTO SHAPE?” 


There was and perhaps still is a widely held belief that bear cubs are 
born shapeless and are literally licked into shape by the mother bear. 


Thus Pope remarks— 
| “So watchful Bruin shapes with plastic care 
Each growing lump and brings it to a bear.” 









Whatever Nature’s ways with animal growth, 
the essence of industrial development is the shaping of raw 
materials to mechanical needs. Aerox have considerable experience 
in the “ plasticization ” of production equipment from shapeless 
masses of steel, brass, alloy and synthetic plastic materials. 

A technical representative will be pleased to give you 

fuller details of Aerox Production Equipment. 

Fabricated production equipment is one of the Group 

Activities of Aerox Limited, who also supply porous 
industrial ceramics and complete filtration, diffusion, aeration 
and carbon adsorption equipment. 


AEROX LIMITED WNUK 
Glasgow and Crawley 
Head Office: Lister Place, Hillington, Glasgow, S.W.2 | 
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For Cell Cladding many thousands 
of panels were used. These com- 
prised heavy density cork faced 
with Sheet Aluminium toa modular 
size 8’ x 4’ in |” and I¥” thick- 
nesses, the joints being covered 
with solid Burma Teak strips. 

We manufacture a variety of 
composite materials in this field for 
cladding, insulation and shielding 
purposes. 





Architects: T. L. Viney, A.R.I.B.A., R. S. Brocklesby, A.R.1.B.A. 


Chief Architects to the Industrial Group ofthe =§ «=“'~7UW7FGliijazmm Mallinson. 


Atomic Energy Authority 
and Sons I.td. 
TIMBER and VENEER MERCHANTS 


130-150 HACKNEY ROAD - LONDON .« €E.2 
Telephone: Shoreditch 7654 (15 lines) Telegrams: “‘Almoner,”” London 


Contractors: Trollope & Colls Ltd 
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MANUFACTURERS OF PLYWOOD, ARMOURPLY, PANELS, COMPOSITE PARTITIONING AND INFILL PANELS 
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& PARTNERS LTD. 


From 
Drawing Board 
to Site 


A. C. WILSON 


are pleased to announce that for 
the past two years they have been 
entrusted with the design and 
procurement of the following 
plants for remote handling, exam- 
ination and processing of Nuclear 


Reactor fuels. 


Pond Equipment — Chemical 


Plant, DOUNREAY 


Facility for Experimental Loops 
for DOUNREAY 


Materials Testing Reactor 


Irradiated Fuel Element Labora- 
tory, 


WINDSCALE 
WORKS 
CUMBERLAND 


Stripping Facility, Fast Reactor 
Chemical Separation Plant— 


DOUNREAY 


Fuel Element Heat Treatment— 


SPRINGFIELDS 


DESIGN HOUSE, THE MALL 


W.5 


Telephones: Ealing 1942 and 9843 








Ultra-Violet 


in N earc 
in Nuclear Research 
! 
In the increasingly complex world of Atomics, | 
Hanovia Ultra-Violet equipment is playing many 
vital parts—from the detection of new uranium 
ore deposits to the grading and testing of materials 
in the research laboratory. In addition, Hanovia 


supply special Ultra-Violet units which reduce 


hazards among men at work in this atomic age. 


NJ . . ra —~. * 
Some Hanovia Equipment ( Bek 3 
used in Atomic Energy 4 e: 
i — S41 F 
e / oO 
Establishments & Industry LY 


THE HANOVIA “ DETECTOLITE” A portable mains/ battery fluorescent 
lamp used in prospecting for uranium ore deposits and the grading 
of many other minerals. 

HANOVIA FLUORESCENCE MODEL 16 Provides an intense beam of 
U.V. at 3660 A.U. through heat-resistant filter. Widely used indus- 
trially for the detection of flaws in components. 

HANOVIA WATER STERILIZERS Sterilization of water in varying pro- 
cesses widely used in brewing, soft drink and food manufacture. 
HANOVIA BACTERICIDAL UNITS For guarding against air-borne 
infection. Invaluable in food, beverage and pharmaceutical manu- 
facture for preventing product spoilage. 

THE MERCURY VAPOUR DETECTOR Short wave U.V. is strongly 
absorbed by traces of Hg vapour. Measures the amount of free toxic 
Hg vapour in air surrounding ceriain chemical processes involving 


Hanovia 


Specialists in Ultra-Violet Equipment for Industry and Medicine 


HANOVIA - SLOUGH + BUCKS - ENGLAND 





A48 


TGA T7548 
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RADIO (DEVELOPMENTS) LTD. 


Radio-active Dust Sampling 
Equipment 


en ee ee ee 


Developed in collaboration with 
The U.K. Atomic Energy Authority, Harwell 


This group of instruments forms a universal dust, 
personnel, and area monitoring equipment for 
alpha, beta, or gamma contamination, Whilst the 
various units have been designed to work together 
as a whole, they may be used individually for 
general works or laboratory purposes. 


Oe ee ee Oe 


Ce ee ee ee 





Designers and Manufacturers of:- Logarithmic Ratemeters, Pulse Generators, Time-Base 
Equipment, X-ray Dose Meters, Linear Amplifiers, Quench Amplifiers, Gamma-Radiation Monitors 


CAXTON WAY, STEVENAGE, HERTS. (Stevenage 804) 


enquiries 
! te: 





RADIO (DEVELOPMENTS) LTD. 























We hes Power and Efficiency are 


scent vital factors—as at Dounreay 


ading 


a WOLF Electric Tools are always on 


ndus- 





the job. 
RB pro- 
borne RETRY RE ey 
nanu- fs Y 1¢€ 
- ‘< Molt 4c work’ 
tox! gtil= 
olving OR RCNA SSNS 

Write for full details of the 

complete range of WOLF Electric Tools 

a By courtesy U.K.A.E.A. 


; TD. . NWB Blower with Suction 
4ND | WOLF ELECTRIC TOOLS LTD., HANGER LANE, LONDON, W.5. PERIVALE 5631-4 attachment cleaning Reactor 


rGaT7ss = | Branches: BIRMINGHAM BRISTCL GLASSOW LEEDS MANCHESTER NEWCASTLE Agents throughout the World 
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for the most 


BASSE comprehensive 


ae NEM stack available 


BRASS, COPPER, PHOSPHOR BRONZE, GUN METAL, NICKEL SILVER 
ALUMINIUM, DURALUMIN, TIN PLATES, ZINC SHEETS 

TEE RODS, TUBES, STRIPS, SHEETS, BLANKS, ANGLES, CHANNELS 
RIVETS, SCREWS, NUTS, WASHERS, GAUZE, SOLDER 

PERFORATED SHEETS, STUDDING 


& SONS (CLERKENWELL) LTD. Phone : CLE 1277 (14 lines) 
J. 4 lial i T ad 42/54, ST. ais SQUARE, pon LONDON, E.C.1 Screw Dept: CLE 0925 















THE HIGH QUALITY 
IS OURS... 





ALLOY STEELS CARBON STEELS 
STAINLESS STEELS 
CORROSION RESISTING STEELS 


All castings can be machined 
in our modern machine shops 


LAKE & ELLIOT LTD. sraintree . essex - Telephone::BRAINTREE 149! 


L9134/1 
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WELDING & arges* of 


\ 
NUCLEAR wi the or 
| ENERGY No and in che 
7 EXHIBITION acs Kt 











OLYMPIA LONDON a 
AUG 29+»- SEPT 121957 











Since the first Engineering Exhibition was heid 
in 1906, the branches and aspects of Engineer- 
f el G f Aw & a he 4 5 % G ing have developed tremendously. With this 
development the Engineering Exhibition has 
grown in size, scope and influence to be the 


MAR y pe E, Ys ELDI e4 G Mac largest of its kind in the world. This Exhibition 


provides a unique opportunity of examining 
the products of over 500 leading manufacturers 


Ve) UCL EA RB Va ERGY and suppliers to these industries. You will see 


displayed exhibits under more than a thousand 


different classifications, and it is an opportunity 
é X ne $ a i T i re] | that occurs only once in two years. Every 
Engineer will find a visit to this Exhibition 
time well spent. 


OLYMPIA -LONDON 29 Aug-12 Sept ’57 


ORGANISED BY F. W. BRIDGES & SONS LTD. 
with the patronage and active support of: The British Engineers’ Association (Incorporated). The Society of 
Motor Manufacturers & Traders Ltd. (Marine Section). The British Electrical & Allied Manufacturers’ Association (Incorporated). 
The Institute of Welding. The British Acetvlene Association. The Nuclear Energy Trade Associations’ Conference. 


NON-DESTRUCTIVE TESTING 














EQUIPMENT AND SERVICE 
FOR ALL 
FORMS OF NON-DESTRUCTIVE 
TESTING 
ANYWHERE IN THE WORLD 


SOLE U.K. AGENTS FOR MAGNAFLUX: U.S.A. 


SOLUS-SCHALL LIMITED 


I5-18 CLIPSTONE STREET, GREAT PORTLAND STREET, 
LONDON W.| 


GAMMA RAY ULTRASONIC 
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The importance of graphite moderators in thermal re- 
actors needs no stressing. Production of the graphite 
from suitable sources involved crushing, for which B.J-D 
machines are now being specified. The wide range of 
B.J-D Crushers enables them to be employed for 


primary, secondary and tertiary stages of reduction. 


<p> C r u S h e r S in the production of nuclear graphite 


BRITISH JEFFREY-DIAMOND LTD., CRUSHER & INDUSTRIAL DIVISION, 15-17 CAXTON ST., LONDON S.W.1. 


bid /3358 








POST OFFICE TYPE 3000 & 600 RELAYS 


Manufactured to your specification to A.I.D. and |.E.M.E. standards. COILS up to 
80, 0002. CONTACTS up to 8amp. INSULATION up to 5kv. reerenyes 7. 7- 4 aawys 








re 100, 000 relays available from —<_ Contractors to leading manufacturers 
Siemens high speed relays. All values. Ex stock. a Se 


Specialists in tropicalisation. 





DEPENDABLE RELAY CO. 


12a Tottenham Street, ESNDON, W.1 


Phone: LANgham 7391/2 Near Goodge Souting 
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Control gear units 


for Dounreay 





Furbine Gears Ltd. are supplying twelve 


special two-stage compound epicyclic 
motorised units for operating the 
uranium fission-control rods of the 


Dounreay fast breeder reactor. 

These units provide a 3000:1 speed re- 
duction for normal control rod operation 
at a few thousandths of an inch per 
second, or alternatively a much lower re- 
duction for rapid withdrawal of the rods. 
The units operate under irradiation and 
high ambient temperature without oil. 

This order from the United Kingdom 
Atomic Energy Authority is a tribute to 
the reputation of Turbine Gears Ltd for 
the manufacture of specialised gear units 
of the highest quality to give complete 
reliability under the most 
conditions. 


arduous 


‘ears and gear units by 


Turbine Gears Lid 


STOCKPORT ENGLAND 
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chieldings 


NUCLEAR ENGINEER 





\ for the 


IENKINSONS are leading in serving the needs of 
the Nuclear Engineer in fulfilling the demand for the 
production of Protective Lead Shieldings in co-oper- 

ation with many prominent firms engaged in this 
field. These firms have come to rely upon JEN- 


KINSONS for skilled and confidential co-opera- 


\ tion where lead shieldings form an integral part 

\ \ of the equipment they produce. In addition, 
\ \ JENKINSONS have installed at Dounreay, 
\ \ \ \ Polythene drains in all active ducts from Lab- 
\ \ \ \ oratory Blocks, Change Rooms, Glove Boxes, 


Sinks, Wash-hand Bowls and Showers; a 
branch of JENKINSONS productions in 


which they excel in an equal degree to 


= 


\ \ their Lead work. 















JENKINSONS are 
pleased to co-operate with those 
skilled design, 
production and installation of 
Protective Lead Shieldings for 
Nuclear and X-ray applications, 
Lead and Plastic Tank I inings, 


always 


firms seeking 


Plain or Lead covered Copper 
or Mild Steel Heating Coils, 
Stainless Steel Pipework, and 
Plastic Pipework 


eninsons 


CHEMICAL ENGINEERS 


Ww. G. JENKINSON 
ARUNDEL STREET, SHEFFIELD | 


LIMITED 
Telephone: 27438-9 
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FURNACE 
for SINTERING 
REFRACTORY 
METALS 


utilising tungsten and molybdenum 
parts made by 


MUREX LIMITED 


(Powder Metallurgy Division) 
RAINHAM -« ESSEX * ENGLAND fe 
Telephone: Rainham, Essex 3322 4 ; 
Telex 28632. Grams: Murex, Rainham-Dagenham Telex 
: London Sales Office: CENTRAL HOUSE, UPPER 
>. WOBURN PLACE, W.C.1  EUSton 8265 











Te EE MEASURE oO F 
PROGRESS 


Accuracy, efficiency and proven durability are the features that Write or ' phone. 
P ° ° K:°D:G 
count in this atomic age. K.D.G. Instruments Ltd. are proud of the 
INSTRUMENTS LTD 
part they are playing in the vast field of atomic science. The Atomic MANOR ROYAL, 
. ° ° ° CRAWLEY, SUSSEX 
Energy Authority chose the following K.D.G. instruments for use in Crawley 25151 
rawley 2 


the new Atomic Energy Station at Dounreay: 
DIFFERENTIAL PRESSURE GAUGES 
MERCURY-IN-STEEL THERMOMETERS 
PRESSURE GAUGES 








LOW READING PRESSURE GAUGES 
COMPOUND PRESSURE GAUGES 
DIFFERENTIAL PRESSURE LEVEL GAUGES 





PRESSURE SWITCHES 


Ez -D:-G Ins TRUMEN TS iT D 


In association with Stow & Partners Ltd 








_ NUCLEAR POWER JUNE 1957 N 








* A feature of the 
Administrative Block 


AYRSHIRE i = a DOUNREAY 
PARTITIONS 


Za 





Functional in design; flexible in 
use. You can quickly divide floor 
space any way you want. Installa- 


tion is fast, clean, simple, com- 





pletely permanent in appearance, 
yet easily movable. Available in a 


wide range of smart and distinctive 





colours. The stoved enamel finishes 
are applied at the factory. You 
should have the Ayrshire Partitions 





Catalogue by you. 





The Ayrshire complete Partition 





Service does the whole job from 


] planning to glazing. 
| | 
Whe 











THE AYRSHIRE DOCKYARD COMPANY, LIMITED, IRVINE 


éekh a] Telephone: Irvine 2271/3; also at 
a Pocketnook Street, St. Helens, Lancs. 
London Office: 47 Victoria Street, 
London, S.W.1. 

Telephone: Abbey 5521 





We invite your enquiries for 


DUCTING - CLADDING 
HOPPERS - TANKS 


> LTD 


SSEX 
VENTILATION * FUME REMOVAL 
DUST EXTRACTION 
METAL CLAD INSULATION 


THE UNITED KINGDOM 
ATOMIC ENERGY AUTHORITY 


AT 
CALDER HALL Fabrication in 
CAPENHURST ALUMINIUM - MILD STEEL 
DOUNREAY 
SPRINGFIELDS STAINLESS STEEL 
WINDSCALE GALVANIZED STEEL 








HARGREAVES 


HENRY HARGREAVES & SONS LTD., ENGINEERS, COOK ST., BURY, LANCS. Phone BURY 200 
_ Established 1872 





HH 2 
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sieving with 


DOUNREAY 
SPHERE 


THE COMPLETE EXTERNAL AND 

INTERNAL SURFACES OF THE 

SPHERE SHOTBLASTED AND 
METAL SPRAYED 






| by 
GRINDLAY -«.C L” 
3c Ask for data e az F 

Sheet NP/57 ; 
MILTON ESTATE -: VIEWFIELD ROAD 
ENSURE ACCURATE AND SPEEDY SEPARATION BISHOPBRIGGS’ : . . GLASGOW 
| Standard Test Sieves to B.S.410:43 and U.S. Bureau of 
Standard (A.S.T.M.EIl) down to No. 400 (37 microns). Telephone: BISHOPBRIGGS 188! 


**Endrock’’ Test Sieve Shakers 


SHOTBLASTERS - METAL SPRAYERS 


ENDECOTTS (FILTERS) LTD. 
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A HIGH VALUE, GLASS ENCLOSED RESISTOR, 
OF HIGH STABILITY COVERING THE RANGE 107 to 10'* OHMS. 
APPROVED BY THE M.O.S. TO A.E.R.E. SPECIFICATION 390. 


Further information may be obtained from : 


THE MORGAN GRUCIBLE COMPANY LIMITED 
‘Y” DEPARTMENT, NORTON WORKS, WOODBURY LANE, NORTON, WORCESTER 


Telephone : WORCESTER 6691 /2 Telegrams : CRUCIBLE, WORCESTER 
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| 
| (Gardners) 


Transformers & Chokes | 


504 Standard Types | 








in Stock 





for Electronics 


TILEMAN 


& COMPANY LTD. 


write for fully illustrated catalogue 
Specialists in design and construction 
GARDNERS RADIO LTD 


| of reinforced concrete structures Somerford 

D CHRISTCHURCH 
all over the world. *Phone 1024 

ER : 


ROMNEY HOUSE, TUFTON STREET, 
LONDON, S.W.1. Telephone: Abbey 1551 

















TIL 8917 
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ERMETO fittings are the internationally 


recognised method of coupling high pres- 
sure pipe lines. Enormous numbers are in 
use throughout the world 

Supplied in mild steel, stainless steel, brass, 
bronze and aluminium for all pipe sizes, 


standard and non-standard up to 2” o.d. 


A wide range of valve so available 


See eeeeae i. 


Catalog 


s BRITISH ERMETO CORPORATION LTD 


Beacon Works, Hargrave Road, Maidenhead 


ues on request 





HENRY GARDNER 
& CO. LTD 


2 METAL EXCHANGE BUILDINGS LONDON EC3 


| suppliers of 


CADMIUM 

BISMUTH 

INDIUM 

LEAD 

TITANIUM 
TITANIUM ALLOYS 





Cables: NONFERMET London Tel: MANsion House 4521 















@ rel: Maidenhead 2271-4 and at BIRMINGHAM, MANCHESTER, GLASGOW 
I ’ CGY 
Tubular 
CRYSTALS 
Anthracene and Stilbene in discs and cylinders, products 
in mild and 
PLASTIC 
Naton 11—a new, high efficiency, glass clear stainless steels, 
scintillator. aluminium 
. I - X ray—a new, high efficiency, X ray copper and 
scintillator. II 
copper alloys. 
LIQUID 


Bottled or encapsulated ready for use. 
or in “Scintipaks’”—ready mixed for making up as 
required. 


CHEMICALS 


Highest scintillation quality for experimental work. 
WRITE FOR FULL DETAILS TO 


Nash and Thompson 


Limited 


OAKCROFT ROAD, CHESSINGTON, SURREY, ENGLAND. 


Telephone : Elmbridge 5252 Pbx. 
WHG/NTS7 


Cables “‘Nashton”’ Chessington. 


ass 








agg — 
MUNRO & MILLER LTD 
AFRICA HOUSE, KINGSWAY, LONDON, W.C.2 


HOLBORN 5572 “TUBECRAFT” LONDON 
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Only 


The Vacu-Blast Senior, Standard, Medium and 
Junior machines are designed to cover a wide range 
of shot blast applications—there is always a Vacu- 
Blast machine for your job. It is unequalled for weld 
preparation in the fabrication of pressure vessels, 
surface preparation prior to and after fabrication, 
spot blasting of welded assemblies after site 
fabrication, internal tube cleaning and shot blasting 
in confined spaces. 


VACU-BLAST 


HAS BEEN USED AT 


ALDERMASTON ° HARWELL 
CALDER HALL - CGHAPELCROSS 
AND DOUNREAY 


VACU-BLAST LTD 


291 ABERDEEN AVENUE 
SLOUGH BUCKS. Tel: SLOUGH 24507 



































e 4521 
>GOW 





Dounreay 


1d 
steels, 


d 
loys. 





Photo: Nuclear Power 


A. & P. Steven Ltd. GLASGOW. C4. 


Telephone: BELL 0356 








BRANCHES : 

EDINBURGH 2 NORTH WEST CIRCUS PLACE 

LONDON 10 NICHOLSON STREET S.E.| L | FP T O N T BR A ” 
BIRMINGHAM ABBEY HOUSE, 63 HOCKLEY HILL 

MANCHESTER 12 CHARLES STREET 
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It can’t be done without CONTROL 


Did you ever let off a Fifth of November rocket that finished up by going 
through someone’s bedroom window? If you have, you can appreciate the 
kind of confidence these boffins have in their control over the rockets they 
design to investigate the stratosphere, ionosphere and the rest of that great 
nothingness out there. 

We at Magnetic Valve admire this attitude, for we too have spent 25 years 
building reliable and efficient control into our products until today they can 
control, automatically or remotely, a whole host of industrial gases or liquids 
(such as air, steam, oil or coal gas) with absolute efficiency. They don’t use 
stuffing-boxes, glands or driving shafts either. If you would like to know 
more about our standard range, we have some illustrated literature available 
Special valves up to 12 in. orifice can be supplied. 


Many valves available ex-stock. Valves designed for special conditions 





MAGNETIC BALANCED 
3-WAY VALVE 

This valve can be used to control 
air, water, oil and other liquids, 
normally passed through a pipe 
where it is required to operate 
Diaphragm Valves, Single Acting 
and Double Acting Cylinder mech- 
anisms, etc. Standard valves are 
suitable for controlling pressures 
up to 70 Ibs. per sq. in. or 100 Ibs. 
per sq. in. as required. This type 
of valve is capable of operating at 
high speeds over long periods 
































4 Flameproof solenoid housing, 
Buxton Certified, can be fitted 
where required 





\e\Magnetic Valve Company 


28 ST. JAMES’S PLACE : LONDON - S.W.1 + Tel.: HY¥De Park 7588 


CONCRETE PROTECTION! 


On the 


CALDER HALL PROJECT 


Messrs. Taylor-Woodrow Ltd. 
entrusted the work of 


DRAIN CHANNELS AND 
SPECIAL FLOORING 


to 


Messrs. F. HAWORTH (A.R.C.) LTD. 


This is one of the many instances where 





Haworth’s special finishes are being employed 
in modern industrial buildings, and where the 
demands of progress have been immediately 
satisfied by our organisation. If you have a 


problem where protection is required against 





corrosive gases or liquors, call in Haworth’s- 





; : Typical area of flooring show- 
the people with SO years’ experience behind YP . 


ing plinth protection & drainage 
them 


F. HAWORTH (A.R.C) LTD. eee 


LONDON, S.W.1! 


| A i "Phone : TATe Gallery 386! 
ok ee 
ANCS ‘Grams: _‘* CHEMBRIK ", 
SOWEST, LONDON : 
dm HW.’ 
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CLASSIFIED ADVERTISEMENTS 


RATES 4/- per line. 


Semi-display at £2 per single column inch. Box number I/- extra. 
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SENIOR POSTS 
IN THE INDUSTRIAI 
GROUP OF THE 
ATOMIC ENERGY 
AUTHORITY 
a) DEPUTY DIRECTOR 


FOR COMMERCIAI 
POLICY 


A Deputy Director is_re- 
quired in the branch con- 
cerned with Technical Plan- 
ning and Commercial Policy 
at the Industrial Group 
Headquarters, Risley, of the 
United Kingdom Atomic 
Energy Authority. He will 
be specifically responsible 
for the Commercial Policy 
of the Group, and, in par- 
ticular, for its relations with 
industry; for the sale of its 
products both at home and 
abroad and for its over- 
seas relations. 


In the field of relations with 
industry the Deputy Direc- 
tor will take part in initiat- 
ing arrangements for access 
to information, the control 
of a Patents section, and the 
direction of the arrange- 
ments for the release of in- 
formation. On Sales he will 
be concerned mainly with 
negotiations for the supply 
of nuclear fuels. He will be 
responsible also for a sec- 
tion concerned with the 
international aspects of 
atomic energy, 


A man with intelligence, 
drive and personality is re- 
quired; he should also have 
a good basic technical train- 
ing and suitable qualifica- 
tions, together with some 
years of experience and 
established competence in 
the administrative, techno- 
logical and industrial fields. 
Knowledge of atomic en- 
ergy is not essential, pro- 
viding he can adapt himself 
to a new industry in which 
preliminary training will be 
arranged. 


This post which is of higher 
status than those referred 
to below will carry a salary 
commensurate with the re- 
sponsibilities of the work 
and with the abilities and 
experience of the successful 
candidate. 


b) OTHER SENIOR POSTS 


In addition, the Industrial 
Group is seeking men with 
good experience in the fields 
of e.g., Industrial Manage- 
ment or on Research and 
Development work, to fill 
senior posts in the organisa- 
tion which will be con- 
cerned with technical plan- 
ning, industrial management, 
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research and development 
work, and with the inter- 
national aspects of atomic 
energy. A good technical 
background of _ training, 
qualifications and experi- 
ence in work of this nature 
is necessary. It is not essen- 
tial to have a knowledge 
of atomic energy, but can- 
didates will be expected to 
be able to adapt themselves 
readily to atomic energy 
work after a suitable period 
of training. 


Salaries will be between 
£2,000 and £3,000 per annum 
according to the nature of 
the post and the ability and 
experience of the men selec- 


ted. 


All of these posts are pen- 
sionable on a contrioutory 
basis. 


Authority houses for rent- 
ing by successful married 
candidates may be available 
in due course, or alterna- 
tively, substantial assistance 
may be given towards legal 
expenses incurred in private 
purchase. 


Candidates for the above 
posts are invited to write to 
ihe 


CHIEF RECRUITMENT OFFICER 
UNITED KINGDOM 
ATOMIC ENERGY 

AUTHORITY 
INDUSTRIAL GROUP HEAD- 
QUARTERS, RISLEY, WARRINGTON, 
LANCS. 
and are requested to indicate 
in which field they are inter- 

ested. 
CLOSING DATE: 10th June, 1957. 





A REYROLLE & CO. LTD., Hebburn. 
* have vacancies for chemists in their 

Research and Quality Control Labora- 

tories. 
The Company is primarily con- 
cerned with the manufacture of 
large electrical switchgear but is 
also associated with the Nuclear 
Power Plant Company in the con- 
struction of Nuclear Power Stations. 

Chemical work covers a wide field 
and includes protective finishes of 
engineering equipment and electrical 
insulating in gaseous, liquid, plastic 
and ceramic form. 

One vacancy is for a graduate re- 
search chemist; for this vacancy 
experience in paint or plastics 
would be an asset but is not essen- 
tial. Other vacancies are for holders 
of Ordinary and Higher National 
Certificates, preferably with experi- 
ence in one of the following fields: 
paints, plastics, organic and gas 
analysis, ceramics and corrosion. 


Applications, stating age, qualifica- 
tions, experience and salary required to 
be addressed to the Chief Engineer, A. 
Reyrolle & Co. Ltd.. Hebburn. Co. 
Durham 


LESSEY NUCLEONICS LTD. have 

a vacancy for a PHYSICIST to carry 

out original work on radiation detection 

devices. Applicants should possess a de- 

gree in Physics and could have an interest 

in mathematical physics. Alternatively, 

an interest in the application of elec- 

tronics to reactor instrumentation and 

control or in the field of reactor physics 
would be desirable. 

A generous salary will be offered, based 
upon qualifications and previous experi- 
ence. Please write in confidence giving 
full details to The Chief Engineer, 
Plessey Nucleonics Ltd.. Weedon Road, 
Northampton. 





TECHNION—ISRAEL INSTI- 
TUTE OF TECHNOLOGY, 
HAIFA, ISRAEL 
Applications are invited for a 
position in the newly-estab- 

lished 

DIVISION OF NUCLEAR 

ENGINEERING 
with the rank of ASSOCIATE 
PROFESSOR’ or SENIOR 
LECTURER. 

Candidates should have a 
degree in Engineering Science, 
preferably in Electrical En- 
gineering, as well as additional 
experience in the field of 
Nuclear Engineering. The suc- 
cessful applicant will be re- 
quired to teach and direct re- 
search activities in Nuclear 
Power Engineering and to co- 
ordinate the activities of the 
Division. Transportation for 
family at Technion expense. 

Candidates should submit 
detailed applications to The 
Secretary for Academic Staff 
of the Technion, P.O.B. 4910, 
Haifa, Israel, or to The British 
Technion Committee, 83 Wim- 
pole Street, London, W.1. 





REYROLLE & COMPANY invite 
“applications for appointments at 
Hebburn to fill the following vacancies 
in connection with the development of 
schemes and equipment for the contro] of 
nuclear power reactors. 
1. Electrical Engineer or Senior 
Electrical Draughtsman 
To undertake the preparation 
of schematic and detail dia- 
grams and associated cable lay- 
outs. The ability to design and 
make layouts of control panels 
would be an advantage. Appli- 
cants must have had some years 
experience on similar work as 
applied to modern power stations 
and should possess a Higher 
National Certificate or equiva- 


lent. 
2. Senior Mechanical Design 
Draughtsman. 


To undertake the design and de- 
velopment of electro-mechanical 
control equipment. Applicants 
must have a sound knowledge of 
general mechanical design work 
and should possess the Higher 
National Certificate or equivalent. 
Applications stating full particulars in- 
cluding details of qualifications, train- 
ing and subsequent experience should be 
made in writing to the Chief Engineer. 
A. Reyrolle & Co. Ltd... Co. Durham. 


A461 








IN DE = xr oO A DVERTIS ER S 


ACF Industries Inc 

Acheson Colloids Ltd 

AEl-John Thompson Nuclear Energy Co Ltd 
Aerox Ltd 

Allen, P. W. & Co 

Amal Ltd 

Appleby & Ireland Ltd 

Associated Lead Manufacturers Ltd 
Atomwirtschaft 

Ayrshire Dockyard Co Ltd, The 
Bailey Meters & Controls Ltd 
Bailey, N. G. & Co Ltd 

Baldwin Instrument Co Ltd 
Balfour Beatty & Co Ltd 

Barnet Instruments Ltd 

Berk, F. W. & Co Ltd, Schori Division 
Blakeborough, J. & Sons, Ltd 

BMB (Sales) Ltd 

Board of Trade 

Bridges & Sons Ltd, F. W. 

British Ermeto Corp. Ltd 

British Jeffrey-Diamond Ltd 
British Oxygen Gases Ltd 
British Thomson-Houston Co Ltd, The 
Brooker, W. J. Ltd 

Bryce Electrical Construction Co Ltd 
Butterfield, W. P. Ltd 

Cambridge Instrument Co Ltd 
Cape Building Products Ltd 
Carbon Dioxide Company, The 
Carruthers, J. H. & Co Ltd 
Carter, B. F. & Co Ltd 

Central Electricity Authority 
Chemical & Insulating Co Ltd 
Chichester Rubber Co Ltd, The 
Cinema-Television Ltd 

Cockburns Ltd 

Cossor Instruments Ltd 
Courtburn Positioners Ltd 
Crossley Bros. Ltd 

Darlington Insulation Co Ltd 
Davenport Engineering Co Ltd 
Davidson & Co Ltd 

Dependable Relay Co 

Dowty Nucleonics Ltd 

Dynatron Radio Ltd 

Ekco Electronics Ltd 

Electric Furnace Co Ltd 
Electrothermal Engineering Ltd 
Elliott Bros (London) Ltd 
Endecotts (Filters) Ltd 

Energia Nucleare 

Erhard, Johannes 

Ericsson Telephones Ltd 

Evans, |. & Son (Portsmouth) Ltd 
Evers, D. H., Insurance 

Fielden Electronics Ltd 

Firkins, G. & A. Ltd 

Fisher & Ludlow Ltd 

Fleming Radio (Developments) Ltd 
Fulmer Research Ltd 

Gardners Radio 

Gardner, Henry & Co Ltd 
General Electric Co Ltd 

General Radiological Ltd 
Glenfield & Kennedy Ltd 
Gordon, James & Co Ltd 
Grazebrook, M. & W. Ltd 
Grindlay & Co Ltd, J. 

Hanovia 

Hargreaves, Henry & Sons Ltd 
Harvey, G. A. & Co (London) Ltd 
Haworth, F. (A.R.C.) Ltd 
Hayward Tyler & Co Ltd 

Head Wrightson & Co Ltd 
Heather Filters Ltd 

Highfield Gear and Engineering Co Ltd 
Hilger & Watts Ltd 
Honeywell-Brown Ltd 

Howden, James & Co Ltd 
Humphreys & Glasgow Ltd 
Imperial Chemical Industries Ltd 
Industrial Exhibitions Ltd 


AS 
February 
February 

A47 
March 
May 
May 
A34 
April 
ASS 
May 
May 
January 
April 
May 
January 
May 
April 
February 
AS! 
A5S8 
A52 
May 
April 
May 
March 
May 
May 
A21 
March 

Ag 

February 

April 
214 
April 
Al9 
March 
A43 
A36 
A42 
May 
May 


May 
A35 
A46 
April 
AS6 
A48 
ASS 
A33 
A60 
A25 
A23 
May 
Aé6 
May 
May 
May 
Al7 
May 
May 


Isotope Developments Ltd 

IV Pressure Controllers Ltd 
Jenkinson, W. G. Ltd 

Johnstone, Archibald Ltd 

Keith Blackman Ltd 

KDG Instruments Ltd 

Kenyon & Co Ltd, William 

Kodak Ltd 

Labgear (Cambridge) Ltd 
Laboratory Apparatus & Glassblowing Co 
Laing & Son, Ltd, John 

Lake & Elliot Ltd 

Lyons Ltd, Claude 

Magnetic Valve Co Ltd 

Mallinson, William & Sons Ltd 
Marston Excelsior Ltd 
McGraw-Hill Publishing Co Ltd 
Martonair Ltd 
Metropolitan-Vickers Electrical Co Ltd 
Mills Scaffold Co Ltd 

Mitchell Engineering Ltd 

Moler Products Ltd 

Mollart Engineering Ltd 

Morgan Crucible Co Ltd, The 
Mullard Ltd 

Mullard X-Ray Division 

Munro & Miller Ltd 

Murex Ltd 

Murex Welding Processes Ltd 
Nash & Thompson Ltd 

North British Chemical Co Ltd 
Nuclear Enterprises (GB) Ltd 
Nuclear Graphite Ltd 

Nuclear Power Plant Co Ltd, The 
Panax Equipment Ltd 

Pascall Engineering Co Ltd, The 
Philips Electrical Ltd. 

Powell Duffryn Carbon Products Ltd 
Premier Cooler and Engineering Co Ltd 
Pulsometer Engineering Co Ltd 
Pye Ltd (Industrial TV Division) 
Pyrene Co Ltd, The 

Racal Engineering Ltd 

Rawlplug Co Ltd, The 

Raytheon Manufacturing Co 

RFD Co Ltd (Industrial Safety Division) 
Royal Photographic Society, The 
Sangamo Weston Ltd 

Savage & Parsons Ltd 

Shandon Scientific Co L:d 
Shaw-Petrie Ltd 

Shell Chemical Co Ltd 

Shell Mex & BP Ltd 

Silica Gel Ltd 

Simplifix Couplings Ltd 

Smith, J. & Sons (Clerkenwell) Ltd 
Solartron Electronic Group Ltd, The 
Solus-Schall Ltd 

Southern Instruments Ltd 
Spencer Chapman & Messel Ltd 
Sperry Gyroscope Co Ltd 

Stewart Aeronautical Supply Co Ltd 
Steven, A. & P. Ltd 

Sunvic Controls Ltd 

Talbot Stead Tube Co Ltd 
Teddington Aircraft Controls Ltd 
Thompson, John Ltd 

Tileman & Co Ltd 

Tl Nuclear Engineering Ltd 

Timeg Ltd 

Titanium Metal & Alloys Ltd 
Turbine Gears Ltd 

Unit Superheater & Pipe Co Ltd 
Vacu-Blast Ltd 

Vokes Ltd 

Wandleside Cable Works Ltd 
Ward Ltd, Thos W. 

Weir, G. & J. Ltd 

Western Detail Manufacturers Ltd 
Wharton Crane & Hoist Co Ltd 
Whatlings Ltd 

Whessoe Ltd 

Wilson, A. C. & Partners Ltd 
Wolf Electric Tools Ltd 


A4%s 

May 

AS3 
March 
A30 

A5S4 

A38 

Alé 

A28 
April 
April 
ASO 
March 
A60 

A47 

May 
February 
May 
Back Cover 
Inside Back Cover 
216 

A44 
January 
AS6 

May 

May 

AS8 

AS4 

Al2 

AS8 

May 

May 
April 
February 
May 

May 

Al 

A29 

May 

May 
April 
April 
May 

A22 
April 
May 

May 

A44 
Inside Front Cover 
February 
A20 
February 
A4l 

May 

May 

ASO 

May 

ASI 

A4 

May 

A32 

May 

AS9 

May 

AlS 

A8 
Front Cover 
AS7 

A31 

May 
April 
AS3 
February 
AS9 

A42 

May 

A37 
A27, A39 
A7 


Al3 
A40 
January 
A48 


A49 





NUCLEAR POWER is published by Rowse Muir Publications Ltd, 


3 Percy Street, London, WI, England, and printed by The Haycock Press, Ltd, SE5 





LTAZ 
DOREL 
D Ti 





ADI 
ler 





e rad 
ich « 
he sti 
par 
radic 
Bt of 


be 





Led, SES 


orld’s 


Telescope 


LTAZIMUTH PARABOLOID RADIO REFLECTOR AT THE 
DRELL BANK SITE, BUILT FOR MANCHESTER UNIVERSITY 
D THE DEPARTMENT OF SCIENTIFIC & INDUSTRIAL RESEARCH. 
INSULTING ENGINEERS: HUSBAND & CO., SHEFFIELD. 

LWORK CONTRACTORS: UNITED STEEL STRUCTURAL CO. LTD. 


scaffolding by 


ADIO SIGNALS have been received from points in 
ler space where nothing can be seen even with the aid 
the most powerful telescopes. 
has been established that these signals are of natural 
igin, from stars unknown to classical astronomy because 
t radiations from them are in sections of the spectrum 
ich do not constitute light visible to the human eye. 
le study of the number and nature of these stars, and 
part they play in the universe, has created the science 
radio astronomy, which this great new instrument, the 
Bt of its kind in the world, will do much to further. 





SOME ENGINEERING DETAILS: 


Height to the top of the Towers: 185 ft. Height to the 
Trunnion Bearings: 166 ft. 8 ins. Internal diameter of the 
Bowl: 250 ft. Depth of the Bowl: 73 ft. 4 ins. Weight of 
the Bowl, with cross girder: 900 tons—carried on MILLS 
Scaffolding during construction. 


MILLS SCAFFOLD CO. LTD. 


CE: TRUSSLEY WORKS, HAMMERSMITH GROVE, LONDON, W.6 RIVERSIDE 3011 (106 LINES) 
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TURBINE GENERATORS 
2 a 60 MW turbine 


x: generator 
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A 1,375 hp boiler 


feed pump motor 
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390 hp vertical 
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UNIFIED BOILER CONTROL 
Equipment for 
stoker fired 


boilers 


IN POWER STATIONS, as in every sphere of industry, 
the results of Metropolitan-Vickers research, enterprise, and experience, 
are clearly evident. Many advances in the design of equipment for AN ae 3 AY, 


power stations owe their origin to this organisation. an 5 


SWITCHGEAR 


1SO MVA 


METROPOLITAN -VICKERS 


ELECTRICAL CO TO TRAFFORD PARK MANCHESTER 


Member of the AEI group of companies 








